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CLAIMS 

[Claim(s)] 

[Claim 1]A n type nitride semiconductor layer field where n side contact layer, a n 
side clad layer, and the n side light guide layer were laminated on a substrate. 
A p type nitride semiconductor layer field where an active layer which consists of 
nitride semiconductors, the p side light guide layer and a p side clad layer, and p 
side contact layer were laminated. 

Are the above the nitride semiconductor device which it had, and said p side clad 



layer, It has thickness of 100A or less at not less than 10A, and a presentation 
differs from the 1 st layer that consists of a nitride semiconductor which does not 
contain aluminum, and this 1st layer, and it has thickness of 100A or less at not 
less than 10A, and the 2nd layer that consists of a nitride semiconductor 
containing aluminum is characterized by being the laminated superlattice layers. 

[Claim 2]The nitride semiconductor device according to claim 1 by which a p type 
impurity was doped by either [ at least ] said 1st layer or said 2nd layer. 
[Claim 3]The nitride semiconductor device according to claim 2 from which 
concentration of a p type impurity doped by said 1st layer and said 2nd layer 
differs mutually. 

[Claim 4]The nitride semiconductor device according to claim 2 or 3 which 
bandgap energy of said 1st layer and said 2nd layer differed mutually, and 
enlarged impurity concentration of a layer with large bandgap energy. 
[Claim 5]A n type nitride semiconductor layer field where n side contact layer, a n 
side clad layer, and the n side light guide layer were laminated on a substrate, It 
is a nitride semiconductor device which has the p type nitride semiconductor 
layer field where an active layer which consists of nitride semiconductors, the p 



side light guide layer and a p side clad layer, and p side contact layer were 
laminated, Among said p side clad layer and said n side clad layer, at least one. 
The 1st layer that consists of a nitride semiconductor which has thickness of 
100A or less at not less than 10A, and does not contain aluminum, A nitride 
semiconductor device, wherein the 2nd layer that consists of a nitride 
semiconductor which a presentation differs from this 1st layer, and has thickness 
of 100A or less at not less than 10A, and contains aluminum is the laminated 
superlattice layers. 

[Claim 6]A nitride semiconductor device of Claim 5 by which said p side clad 
layers are said superlattice layers, and a p type impurity was doped by either [ at 
least ] said 1st layer or said 2nd layer. 

[Claim 7]The nitride semiconductor device according to claim 6 from which 
concentration of a p type impurity doped by said 1st layer and said 2nd layer 
differs mutually. 

[Claim 8]The nitride semiconductor device according to claim 7 which bandgap 
energy of said 1st layer and said 2nd layer differed mutually, and enlarged 
impurity concentration of a layer with large bandgap energy. 
[Claim 9]A nitride semiconductor device of Claim 5 by which said n side clad 



layers are said superlattice layers, and a n type impurity was doped by either [ at 
least ] said 1st layer or said 2nd layer. 

[Claim 10]The nitride semiconductor device according to claim 9 from which 
concentration of a n type impurity doped by said 1st layer and said 2nd layer 
differs mutually. 

[Claim 11]The nitride semiconductor device according to claim 10 which 
bandgap energy of said 1st layer and said 2nd layer differed mutually, and 
enlarged impurity concentration of a layer with large bandgap energy. 
[Claim 12]The nitride semiconductor device according to claim 1 to 11 in which 
said 2nd layer is a nitride semiconductor expressed with formula 
aluminumyGai-YN (however, 0< Y<=1). 

[Claim 13]Said 1st layer consists of a nitride semiconductor expressed with 
formula InxGai-xN (0<=X<=1) in said superlattice layers, And the nitride 
semiconductor device according to claim 12 which said 2nd layer becomes from 
a nitride semiconductor expressed with formula aluminumyGai-YN (however, 0< 
Y<=1). 

[Claim 14]Said 1st layer consists of a nitride semiconductor expressed with 
formula InxGai-xN (0<=X<1) in said superlattice layers, And the nitride 



semiconductor device according to claim 13 which said 2nd layer becomes from 
a nitride semiconductor expressed with formula aluminumyGai-yN (however, 0< 
Y<1). 

[Claim 15]A nitride semiconductor device given in any 1 clause of the Claims 
1-14 which said 1st layer and said 2nd layer become from a nitride 
semiconductor which has thickness of 70A or less, respectively. 
[Claim 16]A nitride semiconductor device given in any 1 clause of the Claims 
1-15 whose thickness of said p side contact layer is 500A or less. 
[Claim 17]The nitride semiconductor device according to claim 16 whose 
thickness of said p side contact layer is 300A or less and not less than 10A 
further. 

[Claim 18]A n type nitride semiconductor layer field where n side contact layer, a 
n side clad layer, and the n side light guide layer were laminated on a substrate, 
It is a nitride semiconductor device which has the p type nitride semiconductor 
layer field where an active layer which consists of nitride semiconductors, the p 
side light guide layer and a p side clad layer, and p side contact layer were 
laminated, The 1st layer that consists of a nitride semiconductor with which said 
n side clad layer has thickness of 100A or less at not less than 10A, and does 



not contain aluminum, A presentation differs from this 1st layer, and it has 
thickness of 100A or less at not less than 10A, The 3rd layer that consists of a 
nitride semiconductor which the 2nd layer that consists of a nitride 
semiconductor containing aluminum is the laminated superlattice layers, and 
said p side clad layer has thickness of 100A or less at not less than 10A, and 
does not contain aluminum, A nitride semiconductor device, wherein the 4th 
layer that consists of a nitride semiconductor which a presentation differs from 
this 3rd layer, and has thickness of 100A or less at not less than 10A, and 
contains aluminum is the laminated superlattice layers. 
[Claim 19]The nitride semiconductor device according to claim 18 by which a 
Mine-like ridge part was formed in a resonant direction in a layer currently 
formed above said p side clad layer and this p side clad layer. 
[Claim 20]A nitride semiconductor device given in any 1 clause of the Claims 
1-19 which have a nitride semiconductor with which said active layer contains 
indium. 

[Claim 21]Said nitride semiconductor device is a nitride semiconductor device 
given in any 1 clause among Claims 1-20 currently formed on C side of silicon 
on sapphire. 



[Claim 22]lt is a nitride semiconductor device given in any 1 clause among 
Claims 1-20 currently formed on a GaN board from which silicon on sapphire 
was removed after said nitride semiconductor device grows up a GaN layer 
which doped Si on C side of silicon on sapphire. 

[Claim 23]Said n side light guide layer is a nitride semiconductor device given in 
any 1 clause among Claims 1-22 as for which GaN exists. 
[Claim 24]Said n side light guide layer is a nitride semiconductor device given in 
any 1 clause among Claims 1-22 which are InGaN. 

[Claim 25]Said p side light guide layer is a nitride semiconductor device given in 
any 1 clause among Claims 1-24 which are GaN. 

[Claim 26]Said p side light guide layer is a nitride semiconductor device given in 
any 1 clause among Claims 1-24 which are InGaN. 

[Claim 27]Said nitride semiconductor device touches said active layer, and it has 
the p side cap layer which consists of a nitride semiconductor containing 
aluminum, It is a nitride semiconductor device given in any 1 clause among 
Claims 1-26 which have the p side light guide layer in which bandgap energy is 
smaller than said p side cap layer in a position which is separated from an active 



layer rather than the p side cap layer. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the lnvention]This invention Light emitting devices, such as LED (light 
emitting diode) and LD (laser diode), It is related with the element which consists 
of a nitride semiconductor (InxAlyGai-x-yN, 0<=X, 0<=Y, X+Y<=1) used for 
electron devices, such as photo detectors, such as a solar cell and a 
photosensor, or a transistor, a layer which general formula InxGai-xN, 
aluminumyGai-YN, etc. which are used in this Description only show the 
empirical formula of a nitride semiconductor layer, and is different -- for example, 
even if shown by the same general formula, It is not shown till the X value of 
those layers and Y value being in agreement. 
[0002] 

[Description of the Prior Art]The nitride semiconductor was just put in practical 
use with a full color LED display, a traffic signal, etc. as a material of 



high-intensity blue LED and authentic green LED recently. LED used for these 
various devices has terrorism structure to the double into which the active layer 
which consists of InGaN of single quantum well structure 
(SQW:Single-Quantum- Well) between a n type nitride semiconductor layer and 
a p type nitride semiconductor layer was inserted. Wavelength, such as blue and 
green, is determined by fluctuating In composition ratio of an InGaN active layer. 
[0003]These people announced the 410-nm laser oscillation in the room 
temperature for the first time under pulse current in the world recently using this 
material (for example, Jpn.J.Appl.Phys. Vol35 (1996) pp.L74-76). This laser 
device is the conditions of 2 microseconds of pulse width, and 2 ms of pulse 
cycles, and shows the threshold current of 610 mA, threshold current density 8.7 
kA/cm 2 , and a 410-nm oscillation. The threshold current announced the 
improved low laser device further again in Appl.Phys.Lett., Vol.69, No. 10, 2 Sep. 
1996, and p. 1477-1479. This laser device has the structure where the ridge 
stripe was formed in a part of p type nitride semiconductor layer. 
1 microsecond of pulse width, 1 ms of pulse cycles, and 0.1% of duty ratio show 
the threshold current of 187 mA, threshold current density 3 kA/cm 2 , and a 
410-nm oscillation. 



[0004] 

[Problem to be solved by the invention]The blue and green LED which consist of 
nitride semiconductors are forward current (lf)20mA, and compared with red 
LED which forward voltage (Vf) becomes from the semiconductor of 3.4V - those 
with 3.6V, and a GaAIAs system, as for more than 2V, since it is high, a fall of 
further Vf is desired. In LD, the current in a threshold value and voltage are still 
high, and in order to carry out continuous oscillation at a room temperature, it is 
necessary to realize the element that this threshold current and voltage fall and 
that power efficiency is still higher. 

[0005]Therefore, by reducing the current in the threshold value of the LD 
element which mainly consists of nitride semiconductors, and voltage, the place 
made into the purpose of this invention realizes continuous oscillation, and 
reduces Vf in a LED element, is reliable, and there is in realizing the nitride 
semiconductor device excellent in power efficiency. 
[0006] 

[Means for solving problem]As a result of examining a nitride semiconductor 
device wholeheartedly that the p type layer which sandwiched the active layer, 



and/or a n type layer should be improved, this invention persons by using 
superlattice layers for the p type layer except an active layer, and/or a n type 
layer, The crystallinity of the layer using superlattice layers can be made good, 
and it newly finds out that said problem is solvable, and came to accomplish this 
invention. 

[0007]Namely, the 1st nitride semiconductor device concerning this invention, 
The n type nitride semiconductor layer field where n side contact layer, the n 
side clad layer, and the n side light guide layer were laminated on the substrate, 
It is a nitride semiconductor device which has the p type nitride semiconductor 
layer field where the active layer which consists of nitride semiconductors, the p 
side light guide layer and a p side clad layer, and p side contact layer were 
laminated, The 1st layer that consists of a nitride semiconductor which said p 
side clad layer has thickness of 100A or less at not less than 10A, and does not 
contain aluminum, A presentation differs from this 1st layer, and it has thickness 
of 100A or less at not less than 10A, and the 2nd layer that consists of a nitride 
semiconductor containing aluminum is characterized by being the laminated 
superlattice layers. Since the resistance of the p type nitride semiconductor layer 
which consists of said superlattice layers can be made very low by this, power 



efficiency of a nitride semiconductor device can be made high. In the 1st nitride 
semiconductor device concerning this invention, said superlattice layers, Since 
the 2nd layer that consists of a nitride semiconductor which the 1 st layer, this 1 st 
layer, and presentation which consist of a nitride semiconductor which has 
thickness of 100A or less differ from each other, and has thickness of 100A or 
less is laminated, the crystallinity of said superlattice layers can improve, the 
threshold current by applying a superstructure to a p type cladding layer, and 
voltage -- it seems to be low -- ****** can be large and a threshold current and 
voltage can be notably reduced in this invention. 

[0008]lt is preferred to dope a p type impurity in the 1st nitride semiconductor 
device concerning this invention in either [ at least ] said 1st layer or said 2nd 
layer, and, as for the concentration of the p type impurity doped by said 1st layer 
and said 2nd layer, differing mutually is preferred. When the bandgap energy of 
said 1st layer and said 2nd layer differs mutually in the 1st nitride semiconductor 
device of the above, it is preferred that bandgap energy enlarges impurity 
concentration of a large layer. 

[0009]The 2nd nitride semiconductor device concerning this invention, The n 
type nitride semiconductor layer field where n side contact layer, the n side clad 



layer, and the n side light guide layer were laminated on the substrate, It is a 
nitride semiconductor device which has the p type nitride semiconductor layer 
field where the active layer which consists of nitride semiconductors, the p side 
light guide layer and a p side clad layer, and p side contact layer were laminated, 
Among said p side clad layer and said n side clad layer, at least one. It has 
thickness of 100A or less at not less than 10A, and a presentation differs from 
the 1st layer that consists of a nitride semiconductor which does not contain 
aluminum, and this 1st layer, and it has thickness of 100A or less at not less than 
10A, and the 2nd layer that consists of a nitride semiconductor containing 
aluminum is characterized by being the laminated superlattice layers. 
[0010]ln the 2nd nitride semiconductor device concerning this invention, when 
said p side clad layers are said superlattice layers, It is preferred to dope a p 
type impurity in either [ at least ] said 1st layer or said 2nd layer, and, as for the 
concentration of the p type impurity doped by said 1st layer and said 2nd layer, 
differing mutually is preferred. When the bandgap energy of said 1st layer and 
said 2nd layer differs mutually in the 2nd nitride semiconductor device 
concerning this invention, it is preferred that bandgap energy enlarges impurity 
concentration of a large layer. 



[001 1 ]ln the 2nd nitride semiconductor device concerning this invention, when 
said n side clad layers are said superlattice layers, It is preferred to dope a n 
type impurity in either [ at least ] said 1st layer or said 2nd layer, and it is 
preferred that the concentration of the n type impurity doped without the 1st layer 
of an account and said 2nd layer differs mutually. Under the present 
circumstances, when the bandgap energy of said 1st layer and said 2nd layer 
differs mutually, it is preferred that bandgap energy enlarges impurity 
concentration of a large layer. 

[0012]The 3rd nitride semiconductor device concerning this invention, The n 
type nitride semiconductor layer field where n side contact layer, the n side clad 
layer, and the n side light guide layer were laminated on the substrate, It is a 
nitride semiconductor device which has the p type nitride semiconductor layer 
field where the active layer which consists of nitride semiconductors, the p side 
light guide layer and a p side clad layer, and p side contact layer were laminated, 
The 1st layer that consists of a nitride semiconductor with which said n side clad 
layer has thickness of 100A or less at not less than 10A, and does not contain 
aluminum, A presentation differs from this 1st layer, and it has thickness of 100A 
or less at not less than 10A, The 3rd layer that consists of a nitride 



semiconductor which the 2nd layer that consists of a nitride semiconductor 
containing aluminum is the laminated superlattice layers, and said p side clad 
layer has thickness of 100A or less at not less than 10A, and does not contain 
aluminum, A presentation differs from this 3rd layer, and it has thickness of 100A 
or less at not less than 10A, and the 4th layer that consists of a nitride 
semiconductor containing aluminum is characterized by being the laminated 
superlattice layers. 

[001 3]lt may be made to form a Mine-like ridge part in a resonant direction in the 
3rd nitride semiconductor device of the above in the layer currently formed 
above said p side clad layer and this p side clad layer. 

[0014]ln the 1st concerning this invention - the 3rd nitride semiconductor device, 
said active layer may have a nitride semiconductor containing indium. Said 1st 
[ the ] - the 3rd nitride semiconductor device, It may be made to form on C side of 
silicon on sapphire, and after said 1st [ the ] - the 3rd nitride semiconductor 
device grow up the GaN layer which doped Si on C side of silicon on sapphire, it 
may be made to form them on the GaN board from which silicon on sapphire 
was removed. In said 1st [ the ] - the 3rd nitride semiconductor device, said n 
side light guide layer may be GaN, and may be InGaN. In said 1st [ the ] - the 3rd 



nitride semiconductor device, said p side light guide layer may be GaN, and may 
be InGaN. Said active layer is touched in said 1st [ the ] - the 3rd nitride 
semiconductor device, It is preferred to provide the p side light guide layer in 
which bandgap energy is smaller than said p side cap layer in the position which 
has the p side cap layer which consists of a nitride semiconductor containing 
aluminum, and is separated from an active layer rather than the p side cap layer. 
[0015]The 1st layer that consists superlattice layers of InxGai-xN (0<=X<=1) in 
the 1st - the 3rd nitride semiconductor device of this invention, If constituted by 
laminating the 2nd layer that consists of aluminumyGai-YN (0<=Y<=1, X=Y!=0), 

General formula aluminumyGai- Since a good crystalline semiconductor layer is obtained, the nitride 
semiconductor expressed with yN and InxGai-xN can form a layer with few crystal defects. 
Thereby, the crystallinity of the whole nitride semiconductor becomes good, and 
when improvement (improvement in power efficiency) and this element are a 
LED element or an LD element about the output of this element, Vf, a threshold 
current, voltage, etc. can be made low. In the 1st of this invention - the 3rd nitride 
semiconductor device. In said superlattice layers in order to form a layer with still 
few crystal defects, It is still more preferred that said 1st layer consists of a 
nitride semiconductor expressed with formula InxGai-xN (0<=X<1), and said 2nd 



layer consists of a nitride semiconductor expressed with formula 
aluminumyGai-YN (0< Y<1). 

[0016]ln the 1st - the 3rd nitride semiconductor device of this invention, although 
it is preferred that it is 70A or less as mentioned above as for the thickness of 
said 1st layer and the 2nd layer, it is set as 40A or less still more preferably. In 
this invention, the thickness of said 1st layer and the 2nd layer is set as not less 
than 10A. By setting up within the limits of this, nitride semiconductor layers, 
such as aluminumyGai-yN (0< Y<=1) which was hard to grow up, can form with 
sufficient crystallinity by the former. Of the p type nitride semiconductor layers 
which are between p electrode and an active layer especially, at least further, 
And/or, when making into superlattice layers at least one layer in the n type 
nitride semiconductor layer between n side contact layer as a current injection 
layer and the active layer in which n electrode is formed, the effect by setting the 
1st layer that constitutes the superlattice layers, and the 2nd layer as said 
thickness is large. 

[0017]ln the 1st - the 3rd nitride semiconductor device of this invention, it is 
preferred to have p side contact layer for forming p electrode, and to set the 
thickness of these p side contact layers as 500A or less. Thus, the resistance of 



the thickness direction of these p side contact layers can be lowered by forming 
p side contact layer thinly. It is still more preferred to set it as 300A or less in this 
invention. As for the minimum of the thickness of these p side contact layers, it is 
preferred to set it as not less than 10A so that the semiconductor layer under this 
p type contact layer may not be exposed. 

[0018]moreover -- forming the 1st buffer layer on a substrate and forming on it 
the 2nd buffer layer that consists of a nitride semiconductor of 0.1 micrometers 
or more of thickness in this invention, -- this -- it is preferred to form n side 
contact layer which consists of a nitride semiconductor with which the n type 
impurity was doped on the 2nd buffer layer. By this, carrier concentration can 
form good large crystalline n side contact layer. In order to form said 2nd buffer 
layer with still more sufficient crystallinity, it is preferred that the impurity 
concentration of said 2nd buffer layer is low concentration as compared with said 
n side contact layer. 

[0019]ln this invention, as an impurity which determines a conductivity type, the 
[ which is doped by the nitride semiconductor / periodic table ] -- the [ 4A fellows, 
4B fellows, and ] -- the [ 6A fellows and ] -- there are a n type impurity belonging 
to 6B fellows and a p type impurity belonging to 1A, 1B fellows, 2A fellows, and 



2B fellows (this Description is hereafter described as a n type impurity and a p 
type impurity suitably.). As mentioned above, when bandgap energy differs in 
the 1st layer and 2nd layer, it is desirable to enlarge impurity concentration of a 
layer with larger bandgap energy. By this, a high increase in power by the 
abnormal-conditions dope at the time of forming superlattice layers in the p type 
nitride semiconductor layer side is expectable. In this invention, n side contact 
layers may be superlattice layers. Bandgap energy can differ mutually in two 
layers which constitute the superlattice layers which are n side contact layers, 
and power efficiency can be raised by enlarging impurity concentration of a layer 
with larger bandgap energy by an effect which was similar to HEMT mentioned 
later. For example, in a laser device, it is in threshold voltage and the tendency 
for a threshold current to fall, further. 
[0020] 

[Mode for carrying out the invention]Hereafter, the nitride semiconductor device 
of the embodiment which starts this invention with reference to Drawings is 
explained. 

Embodiment 1. drawing 1 is the structure of the nitride semiconductor device of 
Embodiment 1 concerning this invention a shown typical sectional view, and this 



nitride semiconductor device, As a fundamental structure, on the substrate 1 
which consists of sapphire, The buffer layer 2 which consists of GaN(s), the n 
side contact layer 3 which consists of Si-dope n type GaN, the active layer 4 
which consists of InGaN of single quantum well structure, the p side clad layer 5 
which consists of superlattice layers by which the 1st layer that differs in a 
presentation mutually, and the 2nd layer were laminated, The p side contact 
layer 6 which consists of Mg dope GaN is the LED element laminated in order. In 
the nitride semiconductor device of Embodiment 1 , all over almost [ of the p side 
contact layer 6 surface ], The whole surface electrode 7 of translucency is 
formed, the p electrode 8 for bonding is formed in the surface of the whole 
surface electrode 7, and the n electrode 9 is formed in the surface of the n side 
contact layer 2 further exposed from the p side contact layer 6 by carrying out 
etching removal of a part of nitride semiconductor layer. 

[0021 ]The 1st layer of 30 A of thickness (A) which consists of InxGai-xN 
(0<=X<=1) in which the nitride semiconductor device of Embodiment 1 doped 
Mg, for example as a p type impurity here, Since it has the p side clad layer 5 
which has the low resistance which comprised superlattice layers by which the 
2nd layer of 30 A of thickness which consists of p type aluminumyGai-YN 



(0<=Y<=1) which similarly doped Mg in the 1st layer and tales doses as a p type 
impurity was laminated, Vf can be made low. Thus, when forming superlattice 
layers in the p layer side, it is considered as the superlattice layers which dope p 
type impurities, such as Mg, Zn, Cd, and Be, in the 1st layer and/or the 2nd layer, 
and have a p type conductivity type, as laminating order -- the -- the [ 1+ ] -- the 
[ 2+the 1st ... or, and ] -- the [ 2+ ] -- the order of 1+the 2nd ... may be sufficient, 
and at least a total of two or more layers are laminated. 

[0022]The 1st layer and 2nd layer that consist of a nitride semiconductor which 
constitutes superlattice layers, It is not necessarily limited to the layer which 
consists of the layer and aluminumyGai-YN (0<=Y<=1) which consist of 
InxGai-xN (0<=X<=1), and what is necessary is just to comprise a nitride 
semiconductor with which presentations differ mutually. The bandgap energy of 
the 1st layer and the 2nd layer may differ, or it may be the same. For example, if 
the 1st layer is constituted from InxGai-xN (0<=X<=1) and the 2nd layer is 
constituted from aluminumyGai-YN (0< Y<=1), the bandgap energy of the 2nd 
layer will certainly become larger than the 1st layer, but. If the 1st layer is 
constituted from InxGai-xN (0<=X<=1) and the 2nd layer is constituted from 
InzAh-zN (0< Z<=1), bandgap energy may be the same although the 1st layer 



and 2nd layer differ in a presentation. If the 1st layer is constituted from 
aluminumyGai-YN (0<=Y<=1) and the 2nd layer is constituted from InzAh-zN (0< 
Z<=1), bandgap energy may be the same although the 1st layer and 2nd layer 
differ in a presentation similarly. That is, as long as this invention is superlattice 
layers which have the operation mentioned later, its bandgap energy of the 1st 
layer and the 2nd layer may be the same, or they may differ. As mentioned 
above, since [ which differs in a presentation ] a film is laminated extremely and 
the thickness of each layer is thin enough, the superlattice layers said here are 
large concepts which say the thing of the layer laminated without the defect 
accompanying a stacking fault occurring, and include quantum well structure. 
Although these superlattice layers do not have a defect inside, since they have 
the distortion accompanying a stacking fault, they are also usually called a 
strained super lattice. In this invention, even if V group elements, such as As and 
P, replace a part of N (nitrogen) of the 1st layer and the 2nd layer, as long as N 
exists, it is contained in a nitride semiconductor. 

[0023]ln this invention, the thickness of the 1st layer and the 2nd layer which 
constitutes superlattice layers, Since the 1st layer and 2nd layer will serve as 
thickness beyond an elastic strain limit and a very small crack or a crystal defect 



will enter easily into this film if thicker than 100 A, it is preferred to set it as 
thickness of 100 A or less. The minimum in particular of the thickness of the 1st 
layer and the 2nd layer is not limited, but should just be one or more atomic 
layers. However, in this invention the thickness of the 1st layer and the 2nd layer, 
The critical (elastic strain) marginal thickness of a nitride semiconductor is not 
fully reached as it is 1 00 A, It is most preferred for setting it as 70 A or less to set 
up desirable still more desirable more thinly, in order to use below elastic strain 
marginal thickness and to lessen the crystal defect of a nitride semiconductor 
more, and to set it as 40 A - 10 A. Although it may be set as 10 A or less (one 
atomic layer or two atomic layers) in this invention, if it is set as 10 A or less, For 
example, as for the thickness of the 1st layer and the 2nd layer, since formation 
time and time and effort are taken on ** more than which the number of 
laminations increases, and a manufacturing process when forming the cladding 
layer of thickness of 500 A or more by superlattice layers, it is preferred to set up 
more thickly than 10 A. 

[0024]ln the case of the nitride semiconductor device of this Embodiment 1 
shown in drawing 1 , the p type clad layer 5 which consists of superlattice layers 
is formed between the active layer 4 and the p side contact layer 6 which is 



current injection layers, and is acting as a carrier confining layer. Thus, to make 
especially superlattice layers into a carrier confining layer, it is necessary to 
make average bandgap energy of superlattice layers larger than an active layer. 
In a nitride semiconductor, since the nitride semiconductor containing aluminum, 
such as AIN, AIGaN, and InAIN, has comparatively big bandgap energy, these 
layers are used as a carrier confining layer. However, if a thick film is grown up 
by an AIGaN single like before, it has the character in which a crack enters easily 
into crystal growth. 

[0025]Then, the nitride semiconductor which contains aluminum at least in this 
invention for either [ at least ] the 1 st layer of superlattice layers, or the 2nd layer, 
By forming aluminumyGai-YN (0< Y<=1) by the thickness below an elastic strain 
limit preferably, and constituting superlattice layers, growth formation of the good 
crystalline superlattice layers is carried out very much, and bandgap energy 
forms the layer big moreover with few cracks. In this case, it is made hard to act 
also as a buffer layer at the time of growing up the 2nd layer that consists of a 
nitride semiconductor containing aluminum, if the nitride semiconductor layer 
which does not contain aluminum in the 1st layer is grown up by thickness of 100 
A or less still more preferably, and to go into the 2nd layer in a crack. Therefore, 



even if it laminates the 1st layer and 2nd layer, good crystalline superlattice 
layers without a crack can be formed. Therefore, in this Embodiment 1, it is 
preferred to use superlattice layers as the 1st layer (the 2nd layer) that consists 
of InxGai-xN (0<=X<=1), and the 2nd layer (the 1st layer) that consists of 
aluminum Y Gai-YN (0<=Y<=1, X!=Y=0). 

[0026]ln the nitride semiconductor device of this Embodiment 1, in order to 
adjust carrier concentration to at least one layer of the 1st layer and the 2nd 
layer which constitute the p side clad layer 5 which is superlattice layers, it is 
preferred that the p type impurity which sets the conductivity type of this layer as 
a p type is doped. Dope ** is also good by the concentration in which the 1st 
layer differs from the 2nd layer when doping a p type impurity in the 1st layer and 
2nd layer, and when the bandgap energy of the 1st layer and the 2nd layer 
differs, it is still more desirable for bandgap energy to make the big layer high 
concentration. It is because the carrier concentration of one layer can become 
high substantially and the resistance of the whole superlattice layers can be 
reduced according to the quantum effect by abnormal-conditions doping, if an 
impurity is doped by concentration which is different in the 1st layer and the 2nd 
layer, respectively. Thus, in this invention, an impurity may be doped by different 



concentration in both the 1st layer and the 2nd layer, respectively, and an 
impurity may be doped in the 2nd either one of 1st layer or layer. 
[0027]The impurity concentration doped by the 1st layer and 2nd layer, Although 
this invention in particular is not limited to this, usually with a ptype impurity 1x10 
16 /cm 3 - 1x10 22 /cm 3 , It is still more preferably desirable 1x10 17 /cm 3 - 1x10 21 /cm 3 , 
and to adjust to the range of 1x10 18 /cm 3 - 2x10 20 /cm 3 most preferably. It is 
because it is in the tendency for the crystallinity of superlattice layers to worsen 
when more [ if less than 1x10 16 /cm 3 , the effect of reducing Vf and threshold 
voltage will be hard to be acquired, and ] than 1x10 22 /cm 3 . It is desirable to also 
adjust a n type impurity to the same range. The Reason is the same. 
[0028]However, in this invention, the impurity which determines a conductivity 
type as the 1st layer and 2nd layer does not need to be doped by superlattice 
layers. The superlattice layers by which this impurity is not doped may be which 
layers between an active layer and a substrate, as long as they are n type nitride 
semiconductor layer fields, and on the other hand, as long as they are p type 
nitride semiconductor layer fields, they may be which layers between a carrier 
confining layer (optical confinement layer) and an active layer. 
[0029]Since the 1st layer and the 2nd layer are made into the thickness below an 



elastic strain limit, are laminated and the superlattice layers constituted as 
mentioned above form them, the lattice defect of a crystal can be reduced, and 
they can decrease a very small crack, and can improve crystallinity fast. As a 
result, without spoiling crystallinity not much, increase doped quantity of an 
impurity for it and by this. Since it can move without being able to make the 
carrier concentration of a n type nitride semiconductor layer and a p type nitride 
semiconductor layer increase, and scattering about these carriers according to a 
crystal defect, as compared with the nitride semiconductor of a p type or a n type 
which does not have a superstructure, single or more figures resistivity can be 
made low. 

[0030]Therefore, in the nitride semiconductor device (LED element) of this 
Embodiment 1. Obtaining a low resistance nitride semiconductor layer 
conventionally forms the p type clad layer 5 by the side of difficult p layer (p type 
semiconductor layer field (field which consists of the p type clad layer 5 and the 
p type contact layer 6)) using superlattice layers, By making low the resistance of 
this p type clad layer 5, Vf can be made low. That is, compared with a n type 
nitride semiconductor, resistivity is usually high [ a p type nitride semiconductor/ 
a p type crystal is a semiconductor which is very hard to be obtained, and ], even 



if a p type nitride semiconductor is obtained double or more figures. Therefore, 
by forming p type superlattice layers in the p layer side, the p type layer which 
comprised superlattice layers can be extremely made into low resistance, and 
the fall of Vf appears notably, in order to obtain a p type crystal conventionally, 
annealing of the nitride semiconductor layer which doped the p type impurity is 
carried out as technology, and the technology which produces a p type nitride 
semiconductor is known by removing hydrogen (patent No. 2540791). However, 
although the p type nitride semiconductor was obtained, the resistivity has more 
than number omega and cm. Then, crystallinity becomes good by making this p 
type layer into p type superlattice layers, according to our examination, this p 
layer resistivity [ single or more figures ] can be made low as compared with the 
former, and the effect that Vf makes it fall shows up notably. 
[0031 ]ln this Embodiment 1, the 1st layer (the 2nd layer) is preferably set to 
InxGai-xN (0<=X<=1) as mentioned above, Since the superlattice layers which 
do not have a good crystalline crack by constituting the 2nd layer (the 1st layer) 
from aluminumyGai-YN (0<=Y<=1, X!=Y=0) can be formed, an element life can 
be raised. 

[0032]Next, we compare and explain the conventional example and this 



invention which were indicated by publicly known document containing the 
Patent Gazette for which it applied before. First, we proposed JP,H8-228048,A 
previously as technology similar to this invention. This technology is technology 
which forms the multilayer film which becomes the outside of the n type clad 
layer which sandwiches an active layer, and/or the outside (that is, side which is 
separated from an active layer) of a p type clad layer from AIGaN, GaN, InGaN, 
etc. as a light reflection film of a laser beam. Since a multilayer film is formed as 
a light reflection film, and the thickness of that each layer is designed by lambda 
/ 4n (n: the refractive index of a nitride semiconductor, lambda:wavelength), this 
technology is dramatically thick. Therefore, each thickness of a multilayer film is 
not the thickness below an elastic strain limit. The laser device of the structure 
which inserted the active layer into USP No. 5,146,465 by the mirror which 
consists of aluminumxGai-xN/aluminumYGai-yN is indicated. In order to make 
AIGaN/AIGaN act as a mirror like [ this technology ] last technology, thickness of 
each layer must be thickened. It is dramatically difficult to laminate a many layers 
hard semiconductor still like AIGaN without a crack. 

[0033]On the other hand, each thickness of the 2nd layer is set to the 1st 
constitute superlattice layers from this embodiment (both are preferably set to 



100 A or less and below critical thickness.), and it differs from said technology. 
An effect by a strained super lattice of a nitride semiconductor which constitutes 
superlattice layers from this invention is used, crystallinity is raised, and Vf is 
reduced. 

[0034]A method of laminating AIN and GaN of a thin film to JP,5-110138,A and 
JP,H5-110139,A, and obtaining a crystal of aluminumyGai-YN is indicated. In 
order to obtain a mix crystal of aluminumyGai-yN of a predetermined mixed 
crystal ratio, this technology is technology which laminates AIN of tens of A 
thickness, and GaN, and differs from technology of this invention. And since it 
does not have an active layer which consists of InGaN(s), a crack goes into 
superlattice layers easily. A light emitting device of terrorism structure is 
indicated by JP,H6-21511,A and the No. 268257 [ six to ] gazette to double 
which has an active layer of multiple quantum well structure which laminated 
GaN, InGaN or InGaN, and InGaN. In this invention, it is the technology which 
makes layers other than an active layer multiple quantum well structure, and 
differs also from this technology. 

[0035]Furthermore, with the element of this invention, when equipping an active 
layer with a nitride semiconductor like InGaN which contains indium at least, the 



effect of superlattice shows up notably. Bandgap energy is small and the InGaN 
active layer is most suitable as an active layer of a nitride semiconductor device. 
Therefore, since an active layer, a bandgap energy difference, and refractive 
index difference can be enlarged if the superlattice layers which consist of 
InxGai-xN and aluminumyGai-YN are formed as a layer which sandwiches an 
active layer, When these superlattice layers realize a laser device, it operates as 
a dramatically outstanding optical confinement layer (it applies to the nitride 
semiconductor device of Embodiment 2). Since InGaN is [ the character of a 
crystal ] soft compared with the nitride semiconductor containing aluminum like 
other AIGaN(s), if InGaN is made an active layer, a crack will become 
furthermore difficult to go into each laminated whole nitride semiconductor layer. 
Conversely, when a nitride semiconductor like AIGaN is made into an active 
layer, since the character of the crystal is hard, it is in the tendency for a crack to 
go into the whole crystal easily. 

[0036]lt is desirable to adjust still more preferably 500 A or less of thickness 
[ 300 A or less of ] of p side contact layer to 200 A or less most preferably 
furthermore, because, it mentioned above - as -- resistivity -- several -- more 
than ohm-cm adjusts the thickness of a certain p type nitride semiconductor 



layer to 500 A or less -- further -- resistivity -- it seems to be low -- since ****** is 
made, the current in a threshold value and voltage fall. Quantity of the hydrogen 
removed from a p type layer can be increased, and resistivity can be reduced 
further. 

[0037]As mentioned above, in the nitride semiconductor device of this 
Embodiment 1, as explained in full detail, since the 1st layer and 2nd layer 
constitute the p type clad layer 5 from laminated superlattice layers, this p type 
clad layer 5 is extremely made to low resistance, and Vf of this element can be 
made low. 

[0038]According to above Embodiment 1, although superlattice layers were 
used for the p side clad layer 5, this invention may use p type superlattice layers 
not only for this but for the p side contact layer 6. That is, the p side contact layer 
6 into which current (electron hole) is poured can also be made into the p type 
superlattice layers by which the 1st layer that consists of InxGai-xN, and the 2nd 
layer that consists of aluminumyGai-YN were laminated. When the p type contact 
layer 6 is made into superlattice layers and the bandgap energy of the 1st layer 
is smaller than the 2nd layer, It is preferred to consider it as the layer which 
bandgap energy makes the outermost surface the 1st layer that consists of small 



InxGai-xN, and contacts p electrode, contact resistance with p electrode 
becomes small, and desirable OMIKKU is obtained by this. This is because the 
direction of the 1st layer with small bandgap energy is in the tendency for the 
nitride semiconductor layer whose carrier concentration is higher than the 2nd 
layer to be easy to be obtained. When forming further an above-mentioned p 
side clad layer and p type nitride semiconductor layers other than p side contact 
layer in a p type nitride semiconductor layer field, superlattice layers may 
constitute this p type nitride semiconductor layer from this invention. 
[0039]According to above Embodiment 1, although superlattice layers were 
used for the p side clad layer 5, this invention may use n type superlattice layers 
for the n side contact layer 3 of not only a p type nitride semiconductor layer field 
but a n type nitride semiconductor field. Thus, when making the n side contact 
layer 3 into superlattice layers, n type impurities, such as Si and germanium, can 
be doped in the 1st layer and/or 2nd layer, and superlattice layers which have a 
n type conductivity type can be formed as the n type contact layer 3 between the 
substrate 1 and the active layer 4, for example. In this case, it was checked that 
it is in a tendency for lateral resistance to fall if especially the n type contact layer 
3 is made into superlattice layers which differ in impurity concentration, and for 



threshold voltage and current to fall in LD. 

[0040]This about a case where superlattice layers which doped many n type 
impurities are formed in a direction of a big layer of bandgap energy as a contact 
layer by the side of a n layer. An effect in which an operation similar to the 
following HEMT(s) (High-Electron-Mobility-Transistor) appeared is guessed. The 
1st layer with a large band gap by which a n type impurity was doped (the 2nd 
layer), A band gap in superlattice layers which laminated the 2nd layer (the 1st 
layer) of small undoping {(undope) the state where an impurity is not doped 
below as for; is called undoping}. By a heterojunction interface of a layer which 
added a n type impurity, and a undoped layer, the big layer side of bandgap 
energy depletion-izes, and an electron (two dimensional electron gas) is 
accumulated in an interface before and behind thickness (100 A) by the side of a 
small layer of bandgap energy. In order not to receive dispersion by an impurity 
when an electron runs since this two dimensional electron gas turns on a small 
layer side of bandgap energy, the degree of electron transfer of superlattice 
layers becomes high, and is guessed that resistivity falls. 
[0041 ]ln this invention, when providing the cladding layer by the side of n in a n 
type nitride semiconductor layer field, it is good also considering the cladding 



layer by the side of this n as superlattice layers. When forming n type nitride 
semiconductor layers other than n side contact layer and a n side clad layer in a 
n type nitride semiconductor layer field, it is good also considering this n type 
nitride semiconductor layer as superlattice layers. However, when providing the 
nitride semiconductor layer which consists of superlattice layers in a n type 
nitride semiconductor layer field, it cannot be overemphasized that it is desirable 
to make into a superstructure the n side clad layer as a carrier confining layer or 
the n side contact layer 3 into which current (electron) is poured. 
[0042]thus, when looking superlattice layers like [ the n type nitride 
semiconductor layer field between the active layer 4 and the substrate 1 ] and 
providing them, it is not necessary to dope an impurity in the 1st layer and the 
2nd layer which constitute superlattice layers It is because there is character 
which becomes a n type even when a nitride semiconductor is undoped. 
However, it is more desirable to dope n type impurities, such as Si and 
germanium, in the 1st layer and the 2nd layer, and to establish the difference of 
impurity concentration as mentioned above, when forming in the n layer side. 
[0043]As mentioned above, crystalline improvement is mentioned like the case 
where the effect at the time of forming superlattice layers in a n type nitride 



semiconductor layer field provides superlattice layers in a p type nitride 
semiconductor layer field. When it explains in detail, in the case of the nitride 
semiconductor device which has a hetero-junction, the carrier confining layer of 
a n type and a p type usually comprises AIGaN with larger bandgap energy than 
an active layer. Crystal growth is dramatically difficult for AIGaN, for example, 
when you are going to make it grow up by thickness of 0.5 micrometers or more 
with single composition, there is character in which a crack enters easily during a 
crystal. However, since a good crystalline thing will be obtained only in the 1st 
single layer and the 2nd layer if the 1st layer and the 2nd layer are laminated by 
the thickness below an elastic strain limit like this invention and it is superlattice 
layers, while crystallinity has been good also as thick superlattice layers of 
thickness, a cladding layer can grow the whole. Therefore, since the crystallinity 
of the whole nitride semiconductor becomes good and the mobility of a n type 
region becomes large, Vf falls with the element which made the superlattice 
layers the cladding layer. It seems that an effect similar to the above mentioned 
HEMT comes to show up notably when the impurity of Si and germanium is 
doped to superlattice layers and superlattice layers are made into a contact layer, 
and threshold voltage and Vf can be reduced further. 



[0044]Thus, the cladding layer as a carrier confining layer formed in the n type 
region or p type region where superlattice layers sandwich an active layer in this 
invention, Since it is used as the light guide layer of an active layer, or a current 
injection layer formed by an electrode touching, it is desirable to adjust so that 
the average bandgap energy of the nitride semiconductor which constitutes 
superlattice layers may become larger than an active layer. 
[0045]Embodiment 2 concerning embodiment 2., next this invention is described. 
Drawing 2 is the structure of the nitride semiconductor device of Embodiment 2 
concerning this invention a shown typical sectional view (section vertical to the 
resonant direction of a laser beam), and this nitride semiconductor device, For 
example, on the substrates 10, such as sapphire which makes C side a principal 
surface, A n type nitride semiconductor layer field, (it consists of the n side 
contact layer 12, the crack prevention layer 13, the n side clad layer 14, and the 
n side light guide layer 15.) -- by a p type nitride semiconductor field (it consists 
of the cap layer 17, the p side light guide layer 18, the p side clad layer 19, and 
the p side contact layer 20.). It is the nitride semiconductor laser diode element 
provided with the active layer 16 which consists of a sandwiched nitride 
semiconductor. 



[0046]Here the nitride semiconductor device of this Embodiment 2, The 
threshold voltage of the nitride semiconductor device which is an LD element is 
low set up by forming the n side clad layer 14 in a n type nitride semiconductor 
layer field by superlattice layers, and forming the p side clad layer 19 in a p type 
nitride semiconductor field by superlattice layers. The nitride semiconductor 
device of Embodiment 2 which starts this invention with reference to this drawing 
2_below is explained in detail. 

[0047]ln the nitride semiconductor device of this Embodiment 2, First, the n side 
contact layer 12 is formed via the buffer layer 1 1 and the 2nd buffer layer 112 on 
the substrate 10, further, on the n side contact layer 12, the crack prevention 
layer 13, the n side clad layer 14, and the n side light guide layer 15 are 
laminated, and a n type nitride semiconductor layer field is formed. The n lateral 
electrode 23 which carries out ohmic contact to the n side contact layer 12 is 
formed in the surface of the n side contact layer 12 exposed to the both sides of 
the crack prevention layer 13, respectively, and the n side pad electrode for wire 
bonding is formed on these n lateral electrodes 23, for example. And the active 
layer 16 which consists of nitride semiconductors is formed on the n side light 
guide layer 15, further, on this active layer 16, the cap layer 17, the p side light 



guide layer 18, the p side clad layer 19, and the p side contact layer 20 are 
laminated, and a p type nitride semiconductor layer field is formed. The p lateral 
electrode 21 which carries out ohmic contact to these p side contact layers 20 is 
formed on the p side contact layer 20, and p side pad electrode for wire bonding 
is formed on these p lateral electrodes 21 , for example. By the upper part of the 
p side contact layer 20 and the p side clad layer 19. By the ridge part of the 
shape of Mine extended for a long time being constituted by the resonant 
direction, and forming this ridge part in it, In the active layer 16, light is shut up 
crosswise (direction which intersects perpendicularly with a resonant direction), 
and laser oscillation of the resonator which resonates to the longitudinal 
direction of a ridge part is produced and carried out using the cleavage plane by 
which cleavage was carried out in the direction vertical to a ridge part (electrode 
of stripe shape). 

[0048]Next, each component of the nitride semiconductor device of Embodiment 
2 is explained. 

(Substrate 10) R side besides the sapphire which makes C side the substrate 10 
with a principal surface, Semiconductor substrates, such as SiC (6H, 4H, and 3C 
are included), ZnS, ZnO, GaAs, GaN, etc. besides the sapphire which makes A 



side a principal surface, and other insulating substrates like a spinel (MgA1 2O4), 
can be used. 

[0049](Buffer layer 11) The buffer layer 11 grows up AIN, GaN, AIGaN, InGaN, 
etc. at the temperature of 900 ** or less, for example, and is formed in a 
thickness number (10 A - hundreds of A). In order that this buffer layer 11 may 
ease the grating constant injustice of a substrate and a nitride semiconductor, it 
forms, but it is also possible to omit according to the growing method of a nitride 
semiconductor, the kind of substrate, etc. 

[0050](The 2nd buffer layer 112) On said buffer layer 11, the 2nd buffer layer 
112 is a layer which consists of a nitride semiconductor of the single crystal 
grown up at the elevated temperature rather than said buffer layer, and has a 
thick film rather than the buffer layer 11. the nitride semiconductor layer which 
this 2nd buffer layer 112 considers it as a layer with less n type impurity 
concentration than the n side contact layer 12 grown up into the next, or does 
not dope a n type impurity -- if it is a GaN layer preferably, the crystallinity of the 
2nd buffer layer 112 will become good. If a n type impurity is most preferably set 
to undoped GaN, a nitride semiconductor with the most sufficient crystallinity will 
be obtained. If not less than several micrometers thickness tends to constitute n 



side contact layer which forms the negative electrode like before from the single 
nitride semiconductor layer of high carrier concentration, it is necessary to grow 
up a layer with large n type impurity concentration. As for the layer of a thick film 
with large impurity concentration, crystallinity tends to worsen. For this reason, 
on a bad crystalline layer, even if it grows up other nitride semiconductors, such 
as an active layer, other layers will succeed a crystal defect and crystalline 
improvement cannot be expected. Then, before growing up 12 layers of n side 
contact layers, carrier concentration can grow up the good large crystalline n 
side contact layer 1 2 by growing up the 2nd good crystalline buffer layer 1 1 2 with 
small impurity concentration. As for the thickness of this 2nd buffer layer 1 12, it 
is still more preferably desirable most preferably to adjust to 1 micrometers or 
more and 20 micrometers or less 0.5 micrometers or more 0.1 micrometers or 
more. When the 2nd buffer layer 112 is thinner than 0.1 micrometer, the n type 
contact layer 12 with large impurity concentration must be grown up thickly, and 
it is in the tendency which can seldom expect crystalline improvement in the n 
side contact layer 12. When thicker than 20 micrometers, it is in the tendency for 
a crystal defect to increase easily in the 2nd buffer layer 112 the very thing. It is 
considered as the advantage into which the 2nd buffer layer 112 is grown up 



thickly, and improvement in heat dissipation nature is mentioned. That is, when a 
laser device is produced, the life of a laser device improves that heat spreads 
easily in the 2nd buffer layer 112. Furthermore, the light leaking of a laser beam 
spreads within the 2nd buffer layer 1 12, and it becomes easy to obtain the laser 
beam near an ellipse form. The 2nd buffer layer 112 may be omitted when 
conductive substrates, such as GaN, SiC, and ZnO, are used for a substrate. 
[0051 ](n side contact layer 12) The n side contact layer 12 is a layer which acts 
as a contact layer which forms the negative electrode, and it is desirable to 
adjust to 0.2 micrometers or more and 4 micrometers or less. If thinner than 0.2, 
when forming the negative electrode later, it is difficult to control an etching rate 
so that this layer may be exposed, and when not less than 4 micrometers is used, 
on the other hand, it is in the tendency for crystallinity to worsen under the 
influence of an impurity. The range of the n type impurity doped to the nitride 
semiconductor of this n side contact layer 12 The range of 1x10 17 /cm 3 - 1x10 
21 /cm 3 , It is desirable to adjust to 1x10 18 /cm 3 - 1x10 19 /cm 3 still more preferably. 
Since the material of n electrode and desirable OMIKKU will become is hard to 
be obtained if smaller than 1x10 17 /cm 3 , In a laser device, a fall of a threshold 
current and voltage cannot be expected, but since the leakage current of the 



element itself will increase and crystallinity will also worsen if larger than 1x10 
21 /cm 3 , it is in the tendency for the life of an element to become short. In the n 
side contact layer 12, in order to make small ohmic contact resistance with the n 
electrode 23, it is desirable to make larger than the n cladding layer 14 
concentration of the impurity which raises the carrier concentration of these n 
side contact layers 12. The n side contact layer 12 acts not as a contact layer but 
as a buffer layer, when providing the negative electrode in a substrate at the 
substrate rear side using conductive substrates, such as GaN, SiC, and ZnO. 
[0052]At least one layer of the 2nd buffer layer 1 1 and the n side contact layers 
12 can also be made into superlattice layers. If it is superlattice layers, the 
crystallinity of this layer will become good by leaps and bounds, and a threshold 
current will fall. Let the desirable n side contact layer 12 in which thickness is 
thinner than the 2nd buffer layer 1 1 be superlattice layers. In the case where the 
n side contact layer 12 is made into the superstructure which comes to laminate 
the 1st layer that differs in bandgap energy mutually, and the 2nd layer, By 
exposing the desirable small layer of bandgap energy and forming the n 
electrode 23, contact resistance with the n electrode 23 can be made low, and 
can reduce a threshold value. As a n type nitride semiconductor and a material 



of the n electrode 23 in which desirable OMIKKU is obtained, metal or alloys, 
such as aluminum, Ti, W, Si, Zn, Sn, and In, are mentioned. 
[0053]By making the n type contact layer 12 into the superlattice layers which 
differ in impurity concentration, lateral resistance can be made low by an effect 
similar to HEMT explained in Embodiment 1, and the threshold voltage of an LD 
element and current can be made low. 

[0054](Crack prevention layer 13) The crack prevention layer 13 consists of 
lno.1Gao.9N which cm- 3 [ 5x10 18 /]-doped Si, for example, and has 500-A 
thickness, for example. This crack prevention layer 13 can prevent a crack from 
entering into the nitride semiconductor layer containing aluminum formed on it 
the n type nitride semiconductor containing In and by growing up InGaN 
preferably and forming. As for this crack prevention layer 13, it is preferred to 
make it grow up by 100 A or more and 0.5 micrometer or less of thickness. If 
thinner than 100 A, it will be hard to act as crack prevention as mentioned above, 
and when thicker than 0.5 micrometer, it is in the tendency for the crystal itself to 
be discolored in black. This crack prevention layer 13 may be omitted, when 
using the n side contact layer 12 as superlattice like this Embodiment 1, or when 
making into superlattice layers the n side clad layer 14 grown up into the next. 



[0055](N side clad layer 14 which consists of n type superlattice) A n side clad 
layer, For example, it consists of n typeA10.2Ga0.8N which cm- 3 [ 5x10 
18 /]-doped Si, The 1st layer that has 20-A thickness, and the 2nd layer that 
consists of undoped GaN and has 20-A thickness consist of superlattice layers 
laminated by turns, and it has 0.5 micrometer of thickness on the whole. This n 
type clad layer 14 acts as a carrier confining layer and an optical confinement 
layer, The nitride semiconductor which contains aluminum for one of layers 
when it is considered as superlattice layers, It is desirable to grow up AIGaN 
preferably and 2 micrometers or less of 100 A or more can grow a good carrier 
confining layer by making it grow up at 500 A or more and 1 micrometer or less 
still more preferably. Although this n type clad layer 14 can also be grown up 
with a single nitride semiconductor, the good crystalline carrier confining layer 
where a crack does not have considering it as superlattice layers can be formed. 
[0056](n side light guide layer 15) The n side light guide layer 15 consists of n 
type GaN which cm- 3 [ 5x10 18 /]-doped Si, for example, and has 0.1 micrometer 
of thickness. As for this n side light guide layer 6, it is desirable to act as a light 
guide layer of an active layer, to grow up GaN and InGaN, and to form, and it is 
usually desirable to make it grow up by 200 A - 1 micrometer of thickness still 



more preferably 100 A - 5 micrometers. This light guide layer 15 can also be 
made into superlattice layers. When making the n side light guide layer 15 and 
the n side clad layer 14 into superlattice layers, average bandgap energy of the 
nitride semiconductor layer which constitutes superlattice layers is made larger 
than an active layer. When considering it as superlattice layers, a n type impurity 
may be doped in either [ at least ] the 1st layer or the 2nd layer, and undoping 
may be sufficient. The superlattice by which a undoped nitride semiconductor 
independent or a undoped nitride semiconductor was laminated may be 
sufficient as this light guide layer 15. 

[0057](Active layer 16) The well layer which the active layer 16 consists of 
lno.2Gao.8N which doped Si by 8x10 18 /cm 3 , for example, and has 25-A thickness, 
It consists of lno.05IGao.95N which cm- 3 [ 8x10 18 /]-doped Si, and constitutes from 
multiple quantum well structure (MQW) which has predetermined thickness by 
laminating by turns the barrier layer which has 50-A thickness. In the active layer 
16, an impurity may be doped to both a well layer and a barrier layer, and it may 
dope to either. When a n type impurity is doped, it is in the tendency for a 
threshold value to fall. Superlattice layers are distinguished in order to certainly 
laminate the small well layer of bandgap energy, and the barrier layer in which 



bandgap energy is smaller than a well layer, in making the active layer 16 into 
multiple quantum well structure in this way. 100 A or less of thickness [ 70 A or 
less of ] of a well layer shall be 50 A or less most preferably. 150 A or less of 
thickness [ 100 A or less of ] of a barrier layer shall be 70 A or less most 
preferably. 

[0058](p side cap layer 17) Rather than the active layer 16, bandgap energy is 
large, for example, consists of p type aluminumo.3Gao.7N which cm- 3 [ 1x10 
20 /]-doped Mg, and the p side cap layer 17 has 200-A thickness, for example. 
Although it is preferred in this Embodiment 2 to use the cap layer 17 in this way, 
since this cap layer is formed in thin thickness, it is good also as an i type which 
doped the n type impurity and with which the carrier was compensated by this 
invention. 0.1 micrometer or less of thickness [ 500 A or less of ] of the p side 
cap layer 17 is most preferably adjusted to 300 A or less still more preferably. It 
is because a crack enters easily into the p side cap layer 17 and a good 
crystalline nitride semiconductor layer cannot grow easily, if it is made to grow up 
by thickness thicker than 0.1 micrometer. It is because it becomes impossible to 
pass the p type capping layer 17 from which a carrier becomes that the 
thickness of the p side cap layer 17 is 0.1 micrometers or more with this energy 



barrier according to the tunnel effect, When passage of the carrier by this tunnel 
effect is taken into consideration, it is preferred to set it as 500 A or less and 300 
more A or less to have mentioned above. 

[0059]To the p side cap layer 17, in order to make an LD element easy to 
oscillate, it is preferred that the composition ratio of aluminum uses and forms 
large AIGaN, and it becomes easy to oscillate an LD element, so that this AIGaN 
is formed thinly. For example, if Y value is 0.2 or more aluminumyGai-yN, 
adjusting to 500 A or less is desirable. Although the minimum in particular of the 
thickness of the p side cap layer 17 does not limit, it is desirable to form by 
thickness of 10 A or more. 

[0060](p side light guide layer 18) Bandgap energy is smaller than the p side cap 
layer 17, for example, consists of p type GaN which cm- 3 [ 1x10 20 /]-doped Mg, 
and the p side light guide layer 1 8 has 0.1 micrometer of thickness. As for this p 
side light guide layer 18, it is desirable to act as a light guide layer of the active 
layer 16, to make it grow up by GaN and InGaN as well as the n side light guide 
layer 15, and to form. This layer acts as a desirable light guide layer by acting 
also as a buffer layer at the time of growing up the p side clad layer 19, and 
growing up 100 A - 5 micrometers by 200 A - 1 micrometer of thickness still more 



preferably. Although this p side light guide layer usually dopes p type impurities, 
such as Mg, and considers it as a p type conductivity type, it is not necessary to 
dope an impurity in particular. This p side light guide layer can also be made into 
superlattice layers. When considering it as superlattice layers, a p type impurity 
may be doped in either [ at least ] the 1st layer or the 2nd layer, and undoping 
may be sufficient. 

[0061 ](P side clad layer 19= superlattice layers) The p side clad layer 19, For 
example, the 1st layer that consists of p type aluminumo.2Gao.8N which 
cm- 3 [ 1x10 20 /]-doped Mg, and has 20-A thickness, for example, For example, it 
consists of p type GaN which cm- 3 [ 1x10 20 /]-doped Mg, and the 2nd layer that 
has 20-A thickness consists of superlattice layers laminated by turns. This p side 
clad layer 19 acts as a carrier confining layer as well as the n side clad layer 14, 
and acts as a layer for reducing especially the resistivity of a p type layer. 
Although the thickness in particular of this p side clad layer 19 is not limited, 
either, it is desirable to form at 500 A or more and 1 micrometer or less still more 
preferably 2 micrometers or less 100 A or more. 

[0062](p side contact layer 20) On the p side clad layer 19, the p side contact 
layer 20 consists of p type GaN which cm- 3 [ 2x10 20 /]-doped Mg, for example, 



and has 150-A thickness, for example. This p side contact layer 20 can be 
constituted from p type InxAlyGai-x-yN (0<=X, 0<=Y, X+Y<=1), and if referred to 
as GaN which doped Mg as mentioned above preferably, the p electrode 21 and 
the most desirable ohmic contact will be obtained. It is desirable to adjust still 
more preferably 500 A or less of thickness [ 300 A or less of ] of p side contact 
layer to 200 A or less most preferably furthermore, because, it mentioned above 
-- as -- resistivity -- several -- more than ohm-cm adjusts the thickness of a 
certain p type nitride semiconductor layer to 500 A or less -- further -- resistivity -- 
it seems to be low -- since ****** is made, the current in a threshold value and 
voltage fall. Quantity of the hydrogen removed from a p type layer can be 
increased, and resistivity can be reduced further. 

[0063]The p side contact layer 20 can also be made into superlattice layers in 
this invention. Especially in considering it as superlattice layers, it laminates the 
1st layer and 2nd layer that differ in bandgap energy, the -- the [ 1+ ] -- the [ 2+ ] 
-- 1+ the 2+ ... as -- if it laminates and is finally made exposed [ a layer with 
smaller bandgap energy ], the p electrode 21 and desirable ohmic contact will be 
obtained. As a material of the p electrode 21, nickel, Pd, nickel/Au, etc. can be 
mentioned, for example. 



[0064]The insulator layer 25 which consists of Si02 is formed in the surface of a 
nitride semiconductor layer exposed between the p electrode 21 and the n 
electrode 23 in this Embodiment 2 as shown in drawing 2, The p pad electrode 
22 electrically connected with the p electrode 21 via an opening formed in this 
insulator layer 25 and the n pad electrode 24 connected with the n electrode 23 
are formed, this p pad electrode 22 extends surface area of the substantial p 
electrode 21 -- the p electrode side -- wire bonding -- being able to be made to 
carry out die bonding, on the other hand, the n pad electrode 24 prevents 
peeling of the n electrode 23. 

[0065]The nitride semiconductor device of above Embodiment 2 is provided with 
the good crystalline p type clad layer 19 which is the superlattice layers which 
made the 1st layer and the 2nd layer the thickness below an elastic strain limit, 
and were laminated. By this, since the nitride semiconductor device of this 
Embodiment 2 can make low the single or more figures resistance of the p side 
clad layer 19 as compared with the p side clad layer which does not have a 
superstructure, it can make threshold voltage and current low. 
[0066]The p side clad layer 19 which contains p type aluminumyGai-YN in the 
nitride semiconductor device of this Embodiment 2 is touched, By forming the 



thickness thinly with 500 A or less by making the small nitride semiconductor of 
bandgap energy into the p side contact layer 20, The carrier concentration of the 
p side contact layer 20 becomes high substantially, p electrode and desirable 
OMIKKU are obtained, and the threshold current of an element and voltage can 
be made low. Since it has the 2nd buffer layer 112 before growing up n side 
contact layer, the crystallinity of the nitride semiconductor layer grown up on the 
2nd buffer layer 112 becomes good, and a long lasting element can be realized. 
If n side contact layer grown up on the 2nd buffer layer 1 12 is preferably used as 
superlattice, lateral resistance becomes low and the low element of threshold 
voltage and a threshold current can be realized. 

[0067]ln equipping the active layer 16 with a nitride semiconductor like InGaN 
which contains indium at least in the LD element of this Embodiment 2, It is 
preferred that InxGai-xN and aluminumyGai-YN use the superlattice layers 
laminated by turns as a layer (the n side clad layer 14 and the p side clad layer 
19) which sandwiches the active layer 16. By this, since the bandgap energy 
difference of the active layer 16 and these superlattice layers and refractive 
index difference can be enlarged, these superlattice layers can be operated as a 
dramatically outstanding optical confinement layer, when realizing a laser device. 



Since InGaN is [ the character of a crystal ] soft compared with the nitride 
semiconductor containing aluminum like other AIGaN(s), if InGaN is made an 
active layer, a crack will become furthermore difficult to go into each laminated 
whole nitride semiconductor layer. The life of an LD element can be lengthened 
by this. 

[0068]ln the case of the semiconductor device of the double hetero structure of 
having the active layer 16 which has quantum well structure like this 
Embodiment 2, the active layer 16 is touched, The p side cap layer 17 which 
consists of a nitride semiconductor of 0.1 micrometer or less of thickness with 
larger bandgap energy than the active layer 16, and the p side cap layer 17 
which consists of a nitride semiconductor which contains aluminum preferably 
are formed, The p side light guide layer 18 in which bandgap energy is smaller 
than the p side cap layer 17 is formed in the position which is separated from an 
active layer rather than the p side cap layer 17, It is dramatically more preferred 
than the p side light guide layer 18 to form the p side clad layer 19 which has a 
superstructure which contains a nitride semiconductor with a larger band gap 
than the p side light guide layer 18 and the nitride semiconductor which contains 
aluminum preferably in the position which is separated from an active layer. And 



in order that the electron poured in from the n layer since bandgap energy of the 
p side cap layer 17 was enlarged may be prevented by this p side cap layer 17, 
and may be shut up and an electron may not overflow an active layer, the 
leakage current of an element decreases. 

[0069]Although the nitride semiconductor device of above Embodiment 2 
showed a structure desirable as a structure of a laser device, What is necessary 
is just to have at least one layer of n type superlattice layers from the active layer 
16 in this invention to the lower n type nitride semiconductor layer field (n type 
layer side), What is necessary is just to also have at least one layer of p type 
superlattice layers from the active layer 16 to the upper p type nitride 
semiconductor layer field (p type layer side), and element composition in 
particular is not specified. However, said superlattice layers are formed in the p 
side clad layer 19 as a carrier confining layer when forming in the p layer side, 
When forming in the n layer side and forming as the n contact layer 12 as a 
current injection layer which the n electrode 23 touched, or the n cladding layer 
14 as carrier ****** reduces Vf of an element, and a threshold value, it is in the 
most desirable tendency. It cannot be overemphasized that the same 
composition as the element of Embodiment 2 is applicable to a LED element 



(however, in a LED element, a ridge part is unnecessary). 
[0070]ln the nitride semiconductor device of Embodiment 2 constituted as 
mentioned above. In the atmosphere which does not contain H, for example, a 
nitrogen atmosphere, after each layer is formed, It is preferred to perform 
annealing, for example at 700 ** not less than 400 **, and since each layer of a p 
type nitride semiconductor layer field can be further low-resistance-ized by this, 
threshold voltage can be further made low by this. 

[0071 ]ln a nitride semiconductor device of Embodiment 2, the p electrode 21 
which becomes the surface of the p side contact layer 12 from nickel and Au was 
formed in stripe shape, n side contact layer was symmetrically exposed to this p 
electrode 21, and the n electrode 23 is formed all over almost [ of that n side 
contact layer surface ]. Thus, when structure of forming the n electrode 23 
symmetrically with both sides of the p electrode 21 when an insulating substrate 
is used makes threshold voltage low, it is dramatically advantageous. 
[0072]ln this Embodiment 2, a dielectric multilayer which consists of Si02 and 
Ti02 may be formed in a cleavage plane (resonator face) which carried out 
cleavage in a direction vertical to a ridge part (electrode of stripe shape). 
[0073]Thus, a cladding layer as a carrier confining layer formed in a n type 



region or a p type region where superlattice layers sandwich an active layer in 
this invention, Since it is used as a light guide layer of an active layer, or a 
current injection layer formed by an electrode touching, it is desirable to adjust 
so that average bandgap energy of a nitride semiconductor which constitutes 
superlattice layers may become larger than an active layer. 
[0074] 

[Working example]Hereafter, in working example, this invention is explained in 
full detail. 

[Working example 1] Working example 1 concerning this invention is an example 
of creation of a nitride semiconductor device (LD element) shown in drawing 2, 
and is produced in the following procedures. First, passing hydrogen, after 
setting the substrate 10 which consists of sapphire (C side) in a reaction vessel 
and replacing inside of a container enough from hydrogen, temperature of a 
substrate is raised to 1050 ** and a substrate is cleaned. Then, temperature is 
lowered to 510 **, hydrogen is used for carrier gas, ammonia (NH3) and TMG 
(trimethylgallium) are used for material gas, and the 1st buffer layer 11 that 
comes from GaN on the substrate 10 is grown up by about 200-A thickness. 
[0075]Only TMG is stopped after buffer layer 11 growth, and temperature is 



raised to 1050 **. If it becomes 1050 **, similarly TMG and ammonia gas will be 
used for material gas, and the 2nd buffer layer 112 that consists of the undoping 
GaN of carrier concentration 1x10 18 /cm 3 will be grown up by 5-micrometer 
thickness, the 2nd buffer layer -- InxAlyGai-x -yN (0<=X.) Although it can 
constitute from 0<=Y and X+Y<=1 and the presentation in particular is not asked, 
it is preferably undoped and aluminum (Y value) sets to 0.1 or less 
aluminumyGai-yN and most desirable undoped GaN. Then, silane gas (SihU) is 
used for TMG, ammonia, and impurity gas at 1050 **, and the n side contact 
layer 12 which consists of n type GaN which cm- 3 [ 1x10 19 /]-doped Si is grown up 
by 1 micrometer of thickness. When this n side contact layer 12 is formed by 
superlattice, it is still more preferred. 

[0076]Temperature shall be 800 ** and to material gas Next, TMG, TMI 
(trimethylindium), Silane gas is used for ammonia and impurity gas, and the 
crack prevention layer 13 which consists of lno.1Gao.9N which cm- 3 [ 5x10 
18 /]-doped Si is grown up by 500-A thickness. And temperature shall be 1050 ** 
and TMA, TMG, ammonia, and silane gas are used, The 1st layer that consists 
of n type aluminumo.2Gao.8N which cm- 3 [ 5x10 18 /]-doped Si is grown up by 20-A 
thickness, then TMA and Silang are stopped and the 2nd layer that consists of 



the undoping GaN is grown up by 20-A thickness. And this operation is repeated 
100 times, respectively and the n side clad layer 14 which consists of 
superlattice layers of 0.4 micrometer of the total thickness is grown up. 
[0077]Then, the n side light guide layer 15 which consists of n type GaN which 
cm- 3 [ 5x10 18 /]-doped Si at 1050 ** is grown up by 0.1 micrometer of thickness. 
Next, the active layer 16 is grown up using TMG, TMI, ammonia, and Silang. The 
active layer 16 holds temperature at 800 **, and grows up the well layer which 
consists of lno.2Gao.8N which doped Si by 8x10 18 /cm 3 first by 25-A thickness. 
Next, the barrier layer which consists of lno.01Gao.99N which cm- 3 [ 8x10 
18 /]-doped Si at the same temperature only by changing the mole ratio of TMI is 
grown up by 50-A thickness. This operation is repeated twice and the active 
layer 16 of the multiple quantum well structure (MQW) of 175 A of the total 
thickness that finally laminated the well layer is grown up. 
[0078]Raise temperature to 1050 ** and to material gas Next, TMG, TMA, 
ammonia, Cp2Mg (magnesium cyclopentadienyl) is used for impurity gas, The p 
side cap layer 17 which consists of p type aluminumo.3Gao.7N in which bandgap 
energy was large and cm- 3 [ 1x10 20 /]-doped Mg rather than the active layer is 
grown up by 300-A thickness. Then, the p side light guide layer 18 which 



bandgap energy becomes at 1050 ** from p type GaN smaller than the p side 
cap layer 17 to which Mg was cm- 3 [ 1x10 20 /]-doped is grown up by 0.1 
micrometer of thickness. 

[0079]Then, TMA, TMG, ammonia, and Cp2Mg are used, The 1st layer that 
consists of p type aluminumo.2Gao.8N which cm- 3 [ 1x10 20 /]-doped Mg at 1050 ** 
is grown up by 20-A thickness, Then, only TMA is stopped and the 2nd layer that 
consists of p type GaN which cm- 3 [ 1x10 20 /]-doped Mg is grown up by 20-A 
thickness. And this operation is repeated 100 times, respectively and the p side 
clad layer 19 which consists of superlattice layers of 0.4 micrometer of the total 
thickness is formed. The p side contact layer 20 which finally consists of p type 
GaN which cm- 3 [ 2x10 20 /]-doped Mg on the p side clad layer 19 at 1050 ** is 
grown up by 150-A thickness. 

[0080]Temperature is lowered to a room temperature after ending reaction, 
among a nitrogen atmosphere, in a reaction vessel for a wafer, annealing is 
performed at 700 ** and a p type layer is low-resistance-ized further. As a wafer 
is picked out from a reaction vessel after annealing and it is shown in drawing 2 , 
the p side contact layer 20 of the top layer and the p side clad layer 19 are 
etched with an RIE system, and it is considered as the ridge shape which has 



the stripe width of 4 micrometers. 

[0081]Next, as a mask is formed in the ridge surface and it is shown in drawing 2, 
it is made symmetrical to a ridge of stripe shape, and the surface of the n side 
contact layer 12 is exposed. Next, the p electrode 21 which consists of nickel 
and Au all over almost [ of the stripe ridge outermost surface of the p side 
contact layer 20 ] is formed. On the other hand, the n electrode 23 which 
consists of Ti and aluminum is formed all over almost [ of the n side contact layer 
3 of stripe shape ]. 

[0082]Next, as shown in drawing 2 , the insulator layer 25 which consists of Si02 
is formed in the surface of a nitride semiconductor layer exposed between the p 
electrode 21 and the n electrode 23, and the p pad electrode 22 electrically 
connected with the p electrode 21 via this insulator layer 25 and the n pad 
electrode 24 are formed. A wafer which formed n electrode and p electrode as 
mentioned above shall be transported to polish equipment, the silicon on 
sapphire 1 of a side which does not form a nitride semiconductor shall be 
wrapped using a diamond polishing agent, and thickness of a substrate shall be 
50 micrometers. After wrapping, 1 micrometer is polished with still finer abrasive 
soap, and a substrate face is made into mirror finished surface form. 



[0083]The scribe after substrate polish and of the polished surface side is carried 
out, cleavage is carried out to bar shape in a direction vertical to the electrode of 
stripe shape, and a resonator is produced to a cleavage plane. The dielectric 
multilayer which consists of Si02 and TiCte was formed in the resonator face, and 
finally, in the direction parallel to p electrode, the bar was cut and it was 
considered as the laser chip. Next, in [ when the chip was installed in the heat 
sink by face up (state which the substrate and the heat sink countered), wire 
bonding of each electrode was carried out and laser oscillation was tried at the 
room temperature ] a room temperature, With threshold current density 2.9 
kA/cm 2 and the threshold voltage 4.4V, continuous oscillation with an oscillation 
wavelength of 405 nm was checked, and the life of 50 hours or more was shown. 
[0084](Comparative example 1) n type GaN which did not grow up the 2nd buffer 
layer 112 and cm- 3 [ 1x10 19 /]-doped Si for the n side contact layer 12 further on 
the other hand -- it being single, and 5 micrometers being grown up, and, 0.4 
micrometer of n side clad layers 14 are grown up by the n type 
aluminumo.2Gao.8N single which cm- 3 [ 1x10 19 /]-doped Si, 0.4 micrometer of p 
side clad layers 19 are grown up by the p type aluminumo.2Gao.8N single which 
1-x-10- 20 -/-m- 3 -doped Mg, 0.2 micrometer of single p type GaN(s) which 



furthermore cm- 3 [ 2x10 20 /]-doped Mg for the p side contact layer 20 were grown 
up, and also the laser device was obtained like working example 1. That is, as 
basic constitution, as shown in Table 1, it constitutes. 
[0085] 
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[0086]Although continuous oscillation was checked by threshold current density 
7 kA/cm 2 as for the laser device of the comparative example constituted in this 
way, threshold voltage has gone out in those or more [ 8.0 ] with V, and several 
minutes. 



[0087][Working example 2] The 1st layer that consists the n side contact layer 12 
of n type aluminumo.05Gao.95N which cm- 3 [ 2x10 19 /]-doped Si in working example 
1 is grown up by 30-A thickness, Then, the 2nd layer that consists of undoped 
GaN is grown up by 30-A thickness, this is repeated, and it is considered as the 
superstructure of 1.2 micrometers of the total thickness. When it was considered 
as the laser device which has the same structure as working example 1, it is 
threshold current density 2.7 kA/cm 2 and the threshold voltage 4.2V, and, as for 
the other structure, the life also showed 60 hours or more. 
[0088][Working example 3] In working example 2, set the 2nd layer to GaN 
which cm- 3 [ 1x10 18 /]-doped Si in the superlattice which constitutes the n side 
contact layer 12, and also. When the laser device which has the same structure 
as working example 2 was produced, the laser device which has the 
characteristic almost equivalent to working example 2 was obtained. 
[0089][Working example 4] In working example 1 , set the 2nd buffer layer 1 12 to 
GaN which cm- 3 [ 1x10 17 /]-doped Si, and grow up it 4 micrometers, and also. 
When the laser device which has the same structure as working example 1 was 
produced, it went up to threshold current density 2.9 kA/cm 2 and the threshold 
voltage 4.5V, but the life showed 50 hours or more. 



[0090][Working example 5] The 1st layer that consists the n side contact layer 12 
of n type aluminumo.2Gao.8N which cm- 3 [ 2x10 19 /]-doped Si in working example 1 
is grown up by 60-A thickness, Then, the 2nd layer that consists of GaN which 
cm- 3 [ 1x10 19 /]-doped Si is grown up by 40-A thickness, this is repeated 
successively, and it is considered as the superstructure of 2 micrometers of the 
total thickness. And 0.4 micrometer of n side clad layers 14 are grown up by the 
n type aluminumo.2Gao.8N single which cm- 3 [ 1x10 19 /]-doped Si. When it was 
considered as the laser device which has the same structure as working 
example 1, it is threshold current density 3.2 kA/cm 2 and the threshold voltage 
4.8V, and, as for the other structure, the life also showed 30 hours or more. 
[0091] [Working example 6] As compared with working example 1, following (1) 
differs from (2), and also working example 6 is constituted like working example 
1. 

(1) Stop only TMG after buffer layer 11 growth, and raise temperature to 1050 **. 
If it becomes 1050 **, TMA, TMG, ammonia, and Silang will be used for material 
gas, The 1st layer that consists of n type aluminumo.2Gao.8N which cm- 3 [ 1x10 
19 /]-doped Si is grown up by 60-A thickness, then Silang and the 2nd layer that 
stops TMA and consists of undoped GaN are grown up by 40-A thickness, and 



1st layer + 2nd layer + 1st layer + 2nd layer + ... as -- superlattice layers are 
constituted, respectively the 1st layer is laminated to 500 layers, the 2nd layer is 
laminated alternately [ 500 layer ], and the n side contact layer 12 which consists 
of superlattice of 5 micrometers of the total thickness is formed. 
(2) Next, grow up the crack prevention layer 13 which consists of lno.1Gao.9N 
which cm- 3 [ 5x10 18 /]-doped Si like working example 1 by 500-A thickness. And 
temperature shall be 1050 ** and the n side clad layer 14 which consists of n 
type aluminumo.2Gao.8N which cm- 3 [ 5x10 18 /]-doped Si is grown up by 0.5 
micrometer of thickness using TMA, TMG, ammonia, and Silang. Let tops be a 
laser device of working example 1, and a laser device which has the same 
structure from the next n side clad layer 14. That is, in the basic structure of 
Table 1, the n side contact layer 12 and the p side clad layer 19 are used as 
superlattice, and the laser device which makes 150 A thickness of the p side 
contact layer 20 like working example 1 is produced. This laser device was 
threshold current density 3.2 kA/cm 2 and the threshold voltage 4.8V, 405-nm 
continuous oscillation was checked and the life also showed 30 hours or more. 
[0092]When the thickness of p side contact layer of the LD element of the 
structure of working example 6 is changed one by one, the relation between the 



thickness of the p side contact layer and the threshold voltage of an LD element 
is shown in drawing 3. p side contact layer this sequentially from the left A (10 A 
or less), The threshold voltage in B (10 A), C (30 A), D (150 A, this example), E 
(500 A), F (0.2 micrometer), G (0.5 micrometer), and H (0.8 micrometer) is 
shown. As shown in this figure, when the thickness of p side contact layer 
exceeds 500 A, threshold voltage is in the tendency to go up gradually. As for 
the thickness of the p side contact layer 20, it is still more preferably desirable 
that it is 300 A or less 500 A or less. Since the surface of the lower p side clad 
layer 19 will be exposed if it becomes 10 A or less (2 atomic layers about 1 
atomic layer, near), the contact resistance of p electrode worsens and threshold 
voltage tends to rise. However, in the LD element of this invention, since it has 
superlattice layers, threshold voltage is falling substantially compared with the 
thing of a comparative example. 

[0093](Comparative example 2) The 1st layer that consists the n side clad layer 
14 of n type aluminumo.2Gao.8N which cm- 3 [ 1x10 19 /]-doped Si in the laser 
device of the composition of Table 1 is grown up by 180-A thickness, Then, the 
2nd layer that consists of undoped GaN is grown up by 120-A thickness, and let 
it be a multilayer film of 0.6 micrometer of the total thickness. That is, when it 



constituted from structure which thickened thickness of the 1st layer and the 2nd 
layer and the laser device was produced, continuous oscillation was checked by 
threshold current density 6.5 kA/cm 2 , and threshold voltage was 7.5V. This laser 
device has gone out in several minutes. 

[0094] [Working example 7] The 1st layer that consists the p side clad layer 19 of 
aluminumo.2Gao.8N which cm- 3 [ 1x10 20 /]-doped Mg, and 60 A in working 
example 6, It is considered as the superstructure of 0.5 micrometer of the total 
thickness that laminated p type GaN which cm- 3 [ 1x10 20 /]-doped Mg, and the 
2nd layer that consists of 40 A, and also the same laser device as working 
example 6 is produced. That is, when the thickness of the superlattice layers 
which constitute the p side clad layer 19 of working example 6 was changed and 
also the laser device was produced similarly, threshold voltage suited the 
tendency to go up a little as compared with the laser device of working example 
6, but the life of 20 hours or more was shown. 

[0095][Working example 8] The 1st layer that consists the n side clad layer 14 of 
n typealuminumo.2Gao.8N which cm- 3 [ 1x10 19 /]-doped Si, and 60 A further in 
working example 7, It is considered as the superstructure of 0.5 micrometer of 
the total thickness that laminated n type GaN which cm- 3 [ 1x10 19 /]-doped Si, 



and the 2nd layer that consists of 40 A, and also the same laser device as 
working example 7 is produced. That is, the laser device which used the n side 
clad layer as superlattice in addition to the n side contact layer 12 of working 
example 6 and the p side clad layer 19 had the characteristic almost equivalent 
to working example 6. 

[0096][Working example 9] In working example 1, without growing up the 2nd 
buffer layer 1 12, as shown in Table 1, 5 micrometers of n type GaN layers which 
cm- 3 [ 1x10 19 /]-doped Si as the n side contact layer 12 directly on the 1st buffer 
layer 1 1 are grown up. Others are taken as the laser device which has the same 
structure as working example 1. That is, the 1st layer that consists the n side 
clad layer 14 of 20-A Si (1x10 19 /cm 3 ) dope n type aluminumo.2Gao.8N in the basic 
structure of Table 1, It is considered as the superstructure of 0.4 micrometer of 
the total thickness that laminates the 2nd layer that consists of the 20-A 
undoping GaN. The 1st layer that furthermore consists the p side clad layer 19 of 
20-A Mg (1x10 20 /cm 3 ) doped p type aluminumo.2Gao.8N, It is considered as the 
superstructure of 0.4 micrometer of the total thickness that laminates the 2nd 
layer that consists of the 20-A Mg (1x10 20 /cm 3 ) doped p type GaN. When the p 
side contact layer 20 is used as the 150-A Mg (2x10 20 /cm 3 ) doped p type GaN, 



like working example 1 further again by threshold current density 3.3 kA/cm 2 . 
405-nm continuous oscillation was checked and, as for threshold voltage, 5.0V 
and a life also showed 30 hours or more. 

[0097][Working example 10] In working example 9, the 2nd layer that constitutes 
the superlattice of the n side clad layer 14 is set to GaN which cm- 3 [ 1x10 
17 /]-doped Si, and also the same laser device as working example 9 is produced. 
That is, the laser device which many Si was doped in the layer with larger 
bandgap energy, and also was produced like working example 9 in it showed the 
characteristic almost equivalent to working example 9. 

[0098][Working example 1 1] In working example 9, the 2nd layer that constitutes 
the n side clad layer 14 is set to n type lno.01Gao.99N which cm- 3 [ 1x10 19 /]-doped 
Si, and also a laser device is produced similarly. That is, the laser device which 
set to InGaN the presentation of the 2nd layer that constitutes the superlattice of 
the n side clad layer 14, and impurity concentration of the 1st layer and the 2nd 
layer was made the same, and also was produced like working example 9 
showed the characteristic almost equivalent to working example 9. 
[0099][Working example 12] In working example 9, the thickness of the 1st layer 
(Si:1x10 19 /cm 3 dope aluminumo.2Gao.8N) that constitutes the n side clad layer 14 



shall be 60 A, The 2nd layer is set to 40-A GaN which cm- 3 [ 1x10 19 /]-doped Si, 
and is made into the superstructure of 0.5 micrometer of the total thickness. The 
thickness of the 1st layer (Mg:1x10 20 /cm 3 dope aluminumo.2Gao.8N) that 
furthermore constitutes the p side clad layer 19 shall be 60 A, The thickness of 
the 2nd layer (Mg:1x10 20 / cm 3 dope: GaN) shall be 40 A, and it is considered as 
the superstructure of 0.5 micrometer of the total thickness. That is, doped 
quantity of the 1st layer and the 2nd layer which constitutes the n side clad layer 
14 is made the same, Change thickness, and change the thickness of the 1st 
layer and the 2nd layer which constitute the p side clad layer 19, and also. When 
the laser device was produced like working example 9, by threshold current 
density 3.4 kA/cm 2 , 405-nm continuous oscillation was checked and, as for 
threshold voltage, 5.2V and a life also showed 20 hours or more. 
[01 00] [Working example 1 3] The place which produced the laser device which Si 
concentration of the 2nd layer (GaN) that constitutes the n side clad layer 14 is 
made into 1x10 17 /cm 3 in working example 11, and also has the same structure 
as working example 11, The laser device which has the characteristic almost 
equivalent to working example 1 1 has been produced. 

[0101][Working example 14] In working example 11, when the laser device 



which the 2nd layer (GaN) that constitutes the n side clad layer 14 is made 
undoped, and also has the same structure as working example 11 was produced, 
the laser device which has the characteristic almost equivalent to working 
example 11 has been produced. 

[01 02] [Working example 15] In working example 9, 0.4 micrometer of n side clad 
layers 14 are grown up by the n type aluminumo.2Gao.8N single which cm- 3 [ 1x10 
19 /]-doped Si, and also a laser device is produced similarly. That is, the 1st layer 
that consists only the p side clad layer 19 of p type aluminumo.2Gao.8N which 
cm- 3 [ 1x10 20 /]-doped Mg like working example 1 in the basic structure of Table 1, 
It is considered as 20 A and the superstructure of 0.4 micrometer of the total 
thickness that consists of 20 A of the 2nd layer that consists of p type GaN which 
cm- 3 [ 1x10 19 /]-doped Mg, When the p side contact layer 20 is used as the 150-A 
Mg (2x10 20 /cm 3 ) doped p type GaN like working example 1, similarly by 
threshold current density 3.4 kA/cm 2 . 405-nm continuous oscillation was 
checked, threshold voltage showed 5.1V and the life showed 20 hours or more. 
[0103][Working example 16] In working example 15, the 1st layer 
(aluminumo.2Gao.8N) shall be 60 A the thickness of the superlattice layers which 
constitute the p side clad layer 19, When laminated the 2nd layer (GaN) as 40 A, 



and it was considered as 0.5 micrometer of the total thickness and also the same 
laser device as working example 14 was obtained, threshold voltage suited the 
tendency to go up a little, but there were 20 hours or more of lives. 
[01 04] [Working example 17] In working example 9, 0.4 micrometer of p side clad 
layers 19 are grown up by the p type aluminumo.2Gao.8N single which cm- 3 [ 1x10 
20 /]-doped Mg, and also a laser device is produced similarly. That is, the 1st layer 
that consists only the n side clad layer 14 of n type aluminumo.2Gao.8N which 
cm- 3 [ 1x10 19 /]-doped Si like working example 1 in the basic structure of Table 1, 
It is considered as 20 A and the superstructure of 0.4 micrometer of the total 
thickness that consists of 20 A of the 2nd layer that consists of undoped GaN, 
When the p side contact layer 20 is used as the 150-A Mg (2x10 20 /cm 3 ) doped p 
type GaN like working example 1, similarly by threshold current density 3.5 
kA/cm 2 . 405-nm continuous oscillation was checked, threshold voltage showed 
5.4V and the life showed 10 hours or more. 

[0105][Working example 18] In working example 17, the 1st layer 
(aluminumo.2Gao.8N) shall be 70 A the thickness of the superlattice layers which 
constitute the n side clad layer 14, lno.01Gao.99N which cm- 3 [ 1x10 19 /]-doped Si 
for the 2nd layer, When laminated as 70 A, and it was considered as 0.49 



micrometer of the total thickness and also the same laser device as working 
example 17 was obtained, compared with working example 16, threshold 
voltage suited the tendency to go up a little, but the laser device which similarly 
has a life of 10 hours or more was obtained. 

[01 06] [Working example 19] In working example 17, the 1st layer 
(aluminumo.2Gao.8N) shall be 60 A the thickness of the superlattice layers which 
constitute the n side clad layer 14, When laminated the 2nd layer (undoping 
GaN) as 40 A, and it was considered as 0.5 micrometer of the total thickness 
and also the same laser device as working example 16 was obtained, compared 
with working example 17, threshold voltage suited the tendency to go up a little, 
but the laser device which similarly has a life of 10 hours or more was obtained. 
[0107][Working example 20] In working example 9, it is considered as the 2nd 
layer that will be the 1st layer that consists the n side light guide layer 15 of 
undoped GaN further, and 20 A from undoped lno.1Gao.9N, and the superlattice 
layers of 800 A of the total thickness that laminates 20. Besides, in addition, the 
p side light guide layer 18 is also made into the superstructure of 800 A of the 
total thickness that laminates the 1st layer that consists of undoped GaN, 20 A, 
and the 2nd layer that consists of undoped lno.1Gao.9N, and 20 A. That is, in the 



basic structure of Table 1 , the n side clad layer 1 4, the n side light guide layer 1 5, 
the p side light guide layer 18, and the p side clad layer 19 are made into a 
superstructure, When the p side contact layer 20 is used as the 150-A Mg (2x10 
20 /cm 3 ) doped p type GaN, like working example 1 further again by threshold 
current density 2.9 kA/cm 2 . 405-nm continuous oscillation was checked and, as 
for threshold voltage, 4.4V and a life also showed 60 hours or more. 
[01 08] [Working example 21] This example is described based on the LED 
element of drawing 1 . The buffer layer 2 which comes from GaN on the substrate 
1 which consists of sapphire like working example 1 is grown up by 200-A 
thickness, Subsequently, the contact layer which consists of n type GaN which 
cm- 3 [ 1x10 19 /]-doped Si is grown up by 5-micrometer thickness, and the active 
layer 4 which consists of single quantum well structure of 30 A of thickness 
which consists of lno.4Gao.6N next is grown up. 

[0109]The 1st layer that consists of p type aluminumo.2Gao.8N which cm- 3 [ 1x10 
20 /]-doped Mg like the (p side superlattice layers), next working example 1 is 
grown up by 20-A thickness, Then, the 2nd layer that consists of p type GaN 
which cm- 3 [ 1x10 19 /]-doped Mg is grown up by 20-A thickness, and the p side 
clad layer 5 which consists of superlattice of 0.4 micrometer of the total thickness 



is grown up. Although the thickness in particular of this p side clad layer 4 is not 
limited, either, it is desirable to make it grow up at 500 A or more and 1 
micrometer or less still more preferably 2 micrometers or less 100 A or more. 
[0110]Next, the p type GaN layer which cm- 3 [ 1x10 20 /]-doped Mg on this p side 
clad layer 5 is grown up by 0.5 micrometer of thickness. After growth, after 
picking out a wafer from a reaction vessel and performing annealing like working 
example 1, the surface of the n side contact layer 3 which should perform 
etching from the p side contact layer 6 side, and should form the n electrode 9 is 
exposed. The p electrode 7 of the translucency which consists of nickel-Au of 
200 A of thickness all over almost [ of the p side contact layer 6 of the top layer ] 
is formed, and the p pad electrode 8 which consists of Au(s) is formed on the 
whole surface electrode 7. The n electrode 9 which consists of Ti-aluminum is 
formed also in the surface of exposed n side contact layer. 
[0111]When the wafer which formed the electrode as mentioned above was 
divided into the chip of a 350-micrometer angle and it was considered as the 
LED element, 520-nm green emission was shown in lf20mA, and Vf was 3.2V. 
On the other hand, Vf of the LED element which constituted the p side clad layer 
5 from single Mg-dope aluminumo.2Gao.8N was 3.4V. Furthermore, in 



electrostatic pressure-proofing, the direction of this example had electrostatic 
pressure-proofing of more than twice. 

[01 12] [Working example 22] in working example 21, the superlattice layers 
which constitute the p side clad layer 5, The thickness of the 1 st layer shall be 50 
A and the 2nd layer as GaN which cm- 3 [ 1x1 0 20 /]-doped Mg, and 50 A, 25 layers 
were laminated, respectively, and when it was considered as the superlattice of 
0.25 micrometer of the total thickness and also the LED element was created 
similarly, the LED element which has the characteristic almost equivalent to 
working example 21 was obtained. 

[01 13] [Working example 23] In working example 21, 100 A of the 1st layer, and 
the 2nd layer for the thickness of the superlattice layers which constitute the p 
side clad layer 5 as 70-A thickness, When it was considered as the superlattice 
of 0.25 micrometer of the total thickness and also the LED element was created 
similarly, Vf was 3.4V, but electrostatic pressure-proofing was superior to the 
conventional thing not less than 20%. 

[0114][Working example 24] When growing up the n side contact layer 3 in 
working example 21, The 1st layer that consists of n type aluminumo.2Gao.8N 
which cm- 3 [ 2x10 19 /]-doped Si 60 A, The 2nd layer that consists of undoped 



GaN is grown up by 40-A thickness, respectively the 1st layer is laminated to 
500 layers, the 2nd layer is laminated alternately [ 500 layer ], and it is 
considered as the superlattice of 5 micrometers of the total thickness. When 
others produced the LED element like working example 12, similarly, in lf20mA, 
Vf fell to 3.1V, and comparison comparison was carried out and it acted to 2.5 or 
more times as Kougami of the electrostatic pressure-proofing at the former. 
[01 15] [Working example 25] In working example 23, the thickness of the 1st 
layer (aluminumo.2Gao.8N) of the superlattice which constitutes the p side clad 
layer 5 shall be 60 A, and the thickness of the 2nd layer shall be 40 A, When the 
LED element which laminate alternately [ 25 layer ], respectively, and it is 
considered as 0.3 micrometer of the total thickness, and also has the same 
structure was produced, Vf was 3.2V and electrostatic pressure-proofing was 
more than twice over the past. 

[0116][Working example 26] This example is described based on the laser 
device shown in drawing 4. Although it is a sectional view at the time of drawing 
4_as well as drawing 2 cutting an element in a direction vertical to the resonant 
direction of a laser beam, A different place from drawing 2 is one of the place 
which uses the substrate 101 which turns into the substrate 10 from GaN, and 



the places into which the 3rd buffer layer 113 that doped the n type impurity is 
grown up without growing up the 2nd buffer layer 112. The laser device shown in 
this drawing 4 is obtained by the following methods. 

[01 1 7] MO VP E method or the HVPE method is first used on silicon on sapphire, 
after growing up the GaN layer which cm- 3 [ 5x10 18 /]-doped Si at 300 
micrometers in thickness, silicon on sapphire is removed and the 
300-micrometer-thick Si-dope GaN board 101 is produced. The GaN board 101 
is obtained by removing the different-species board, after making it grow up by 
not less than 100-micrometer thickness on a different substrate in this way from 
a nitride semiconductor for example. Undoping may be sufficient as the GaN 
board 101, and it may dope and produce a n type impurity. If it usually dopes an 
impurity in the range of 1x10 17 /cm 3 - 1x10 19 /cm 3 in doping a n type impurity, a 
good crystalline GaN board will be obtained. 

[01 18]Temperature shall be 1050 ** after GaN board 101 production, and the 3rd 
buffer layer 113 that consists of n type GaN which cm- 3 [ 3x10 18 /]-doped Si is 
grown up by 3-micrometer thickness. Although the 3rd buffer layer 1 13 is a layer 
which is equivalent to the n side contact layer 14 in drawing 1 and drawing 2 , 
since it is not a layer which forms an electrode, it does not call it a contact layer 



here, but calls it the 3rd buffer layer 113. Although the 1st buffer layer grown up 
at low temperature like working example 1 between the GaN board 101 and the 
3rd buffer layer 113 may be grown up, when growing up the 1st buffer layer, it is 
desirable to use 300 A or less. 

[0119]Next, the crack prevention layer 13 which consists of lno.1Gao.9N which 
cm- 3 [ 5x10 18 /]-doped Si like working example 1 on the 3rd buffer layer 113 is 
grown up by 500-A thickness. Next, the 1st layer and 20 A which consists of n 
type aluminumo.2Gao.8N which cm- 3 [ 5x10 18 /]-doped Si, The n side clad layer 14 
which consists of superlattice layers of 0.4 micrometer of the total thickness 
which laminated alternately 20 A of the 2nd layer that consists of GaN which 
cm- 3 [ 5x10 18 /]-doped Si 100 times is grown up. Next, the n side light guide layer 
15 which consists of n type GaN which cm- 3 [ 5x10 18 /]-doped Si like working 
example 1 is grown up by 0.1 micrometer of thickness. 

[0120]Next, the well layer and 25 A which consists of undoping lno.2Gao.8N, 50 A 
of barrier layers which consist of the undoping GaN are grown up, and the active 
layer 16 of the multiple quantum well structure (MQW) of 175 A of the total 
thickness that finally laminated the well layer is grown up twice repeatedly by 
turns. 



[0121]Next, the p side cap layer 17 which consists of p type aluminumo.3Gao.7N 
which cm- 3 [ 1x10 20 /]-doped Mg like working example 1 is grown up by 300-A 
thickness, The p side light guide layer 18 which consists of p type GaN which 
cm- 3 [ 1x10 20 /]-doped Mg is grown up by 0.1 micrometer of thickness. 
[0122]Next, the 1st layer and 20 A which consists of p type aluminumo.2Gao.8N 
which cm- 3 [ 1x10 20 /]-doped Mg like working example 1, The 2nd layer that 
consists of p type GaN which cm- 3 [ 1x10 20 /]-doped Mg, The p side clad layer 19 
which consists of superlattice layers of 0.4 micrometer of the total thickness 
which consist of 20 A is formed, The p side contact layer 20 which finally 
consists of p type GaN which cm- 3 [ 2x10 20 /]-doped Mg on the p side clad layer 
19 is grown up by 150-A thickness. 

[0123]After ending reaction and after carrying out annealing at 700 **, like 
working example 1 , the p side contact layer 20 of the top layer and the p side 
clad layer 19 are etched with an RIE system, and it is considered as the ridge 
shape which has the stripe width of 4 micrometers. 

[0124]Next, the p electrode 21 which consists of nickel and Au as well as 
working example 1 all over almost [ of the stripe ridge outermost surface of the p 
side contact layer 20 ] is formed, and the n electrode 23 which consists of Ti and 



aluminum is formed all over almost [ of the rear face of the GaN board 101]. 
[0125]Next, as shown in drawing 4, the insulator layer 25 which consists of Si02 
of the p side clad layer 19 excluding the area of the p electrode 21 is formed, and 
the p pad electrode 22 electrically connected with the p electrode 21 is formed 
via this insulator layer 25. 

[0126]Cleavage of the GaN board 101 is carried out to bar shape in a direction 
vertical to the p electrode 21 after electrode formation, and a resonator is 
produced to a cleavage plane. The cleavage plane of a GaN board is made into 
M side. The dielectric multilayer which consists of Si02 and Ti02 was formed in 
the cleavage plane, and it was considered as the laser chip which cuts a bar and 
is finally shown in drawing 4 in a direction parallel to p electrode. Next, in [ when 
the chip was installed in the heat sink by face up (state which the substrate and 
the heat sink countered), wire bonding of the p pad electrode 22 was carried out 
and laser oscillation was tried at the room temperature ] a room temperature, 
With threshold current density 2.5 kA/cm 2 and the threshold voltage 4.0V, 
continuous oscillation with an oscillation wavelength of 405 nm was checked, 
and the life of 500 hours or more was shown. By having used GaN for the 
substrate, this is because the breadth of the crystal defect decreased. 



[0127] 

[Effect of the lnvention]As explained above, since the nitride semiconductor 
device concerning this invention is constituted using superlattice layers, it can 
improve power efficiency extremely in p type nitride semiconductor fields or n 
type nitride semiconductor fields other than an active layer. That is, although 
making an active layer into multiple quantum well structure was proposed in the 
conventional nitride semiconductor device, the active layer was inserted, for 
example, usually cladding layers comprised a single nitride semiconductor layer. 
However, in the nitride semiconductor device of this invention, since the 
superlattice layers which have the layer that a quantum effect appears are 
provided as a cladding layer or a contact layer which pours in current, resistivity 
by the side of a cladding layer can be made low. By this, the threshold current of 
an LD element and threshold voltage can be made low, for example, and this 
element can be made long lasting. Although the further conventional LED was 
weak to static electricity, in this invention, an element strong against electrostatic 
pressure-proofing is realizable. Thus, since Vf and threshold voltage are made 
low, calorific value can also decrease and the reliability of this element can also 
be raised. According to the nitride semiconductor device of this invention, not to 



mention light emitting devices, such as LED and LD, when it uses for a solar cell, 
a photosensor, a transistor, etc. which used the nitride semiconductor, it 
becomes possible to realize a device with high efficiency of an emergency, and 
the industrial utility value is dramatically large. 



TECHNICAL FIELD 

[Field of the lnvention]This invention Light emitting devices, such as LED (light 
emitting diode) and LD (laser diode), It is related with the element which consists 
of a nitride semiconductor (InxAlyGai-x-yN, 0<=X, 0<=Y, X+Y<=1) used for 
electron devices, such as photo detectors, such as a solar cell and a 
photosensor, or a transistor, a layer which general formula InxGai-xN, 
aluminumyGai-yN, etc. which are used in this Description only show the 
empirical formula of a nitride semiconductor layer, and is different -- for example, 
even if shown by the same general formula, It is not shown till the X value of 
those layers and Y value being in agreement. 



PRIOR ART 



[Description of the Prior Art]The nitride semiconductor was just put in practical 
use with a full color LED display, a traffic signal, etc. as a material of 
high-intensity blue LED and authentic green LED recently. LED used for these 
various devices has terrorism structure to the double into which the active layer 
which consists of InGaN of single quantum well structure 
(SQW:Single-Quantum- Well) between a n type nitride semiconductor layer and 
a p type nitride semiconductor layer was inserted. Wavelength, such as blue and 
green, is determined by fluctuating In composition ratio of an InGaN active layer. 
[0003]These people announced the 410-nm laser oscillation in the room 
temperature for the first time under pulse current in the world recently using this 
material (for example, Jpn.J.Appl.Phys. Vol35 (1996) pp.L74-76). This laser 
device is the conditions of 2 microseconds of pulse width, and 2 ms of pulse 
cycles, and shows the threshold current of 610 mA, threshold current density 8.7 
kA/cm 2 , and a 410-nm oscillation. The threshold current announced the 
improved low laser device further again in Appl.Phys.Lett., Vol.69, No. 10, 2 Sep. 
1996, and p. 1477-1479. This laser device has the structure where the ridge 



stripe was formed in a part of p type nitride semiconductor layer. 
1 microsecond of pulse width, 1 ms of pulse cycles, and 0.1% of duty ratio show 
the threshold current of 187 mA, threshold current density 3 kA/cm 2 , and a 
410-nm oscillation. 



EFFECT OF THE INVENTION 

[Effect of the lnvention]As explained above, since the nitride semiconductor 
device concerning this invention is constituted using superlattice layers, it can 
improve power efficiency extremely in p type nitride semiconductor fields or n 
type nitride semiconductor fields other than an active layer. That is, although 
making an active layer into multiple quantum well structure was proposed in the 
conventional nitride semiconductor device, the active layer was inserted, for 
example, usually cladding layers comprised a single nitride semiconductor layer. 
However, in the nitride semiconductor device of this invention, since the 
superlattice layers which have the layer that a quantum effect appears are 
provided as a cladding layer or a contact layer which pours in current, resistivity 



by the side of a cladding layer can be made low. By this, the threshold current of 
an LD element and threshold voltage can be made low, for example, and this 
element can be made long lasting. Although the further conventional LED was 
weak to static electricity, in this invention, an element strong against electrostatic 
pressure-proofing is realizable. Thus, since Vf and threshold voltage are made 
low, calorific value can also decrease and the reliability of this element can also 
be raised. According to the nitride semiconductor device of this invention, not to 
mention light emitting devices, such as LED and LD, when it uses for a solar cell, 
a photosensor, a transistor, etc. which used the nitride semiconductor, it 
becomes possible to realize a device with high efficiency of an emergency, and 
the industrial utility value is dramatically large. 



TECHNICAL PROBLEM 

[Problem to be solved by the invention]The blue and green LED which consist of 
nitride semiconductors are forward current (lf)20mA, and compared with red 
LED which forward voltage (Vf) becomes from the semiconductor of 3.4V - those 
with 3.6V, and a GaAIAs system, as for more than 2V, since it is high, a fall of 



further Vf is desired. In LD, the current in a threshold value and voltage are still 
high, and in order to carry out continuous oscillation at a room temperature, it is 
necessary to realize the element that this threshold current and voltage fall and 
that power efficiency is still higher. 

[0005]Therefore, by reducing the current in the threshold value of the LD 
element which mainly consists of nitride semiconductors, and voltage, the place 
made into the purpose of this invention realizes continuous oscillation, and 
reduces Vf in a LED element, is reliable, and there is in realizing the nitride 
semiconductor device excellent in power efficiency. 

MEANS 

[Means for solving problem]As a result of examining a nitride semiconductor 
device wholeheartedly that the p type layer which sandwiched the active layer, 
and/or a n type layer should be improved, this invention persons by using 
superlattice layers for the p type layer except an active layer, and/or a n type 
layer, The crystallinity of the layer using superlattice layers can be made good, 
and it newly finds out that said problem is solvable, and came to accomplish this 
invention. 



[0007]Namely, the 1st nitride semiconductor device concerning this invention, 
The n type nitride semiconductor layer field where n side contact layer, the n 
side clad layer, and the n side light guide layer were laminated on the substrate, 
It is a nitride semiconductor device which has the p type nitride semiconductor 
layer field where the active layer which consists of nitride semiconductors, the p 
side light guide layer and a p side clad layer, and p side contact layer were 
laminated, The 1st layer that consists of a nitride semiconductor which said p 
side clad layer has thickness of 100A or less at not less than 10A, and does not 
contain aluminum, A presentation differs from this 1st layer, and it has thickness 
of 100A or less at not less than 10A, and the 2nd layer that consists of a nitride 
semiconductor containing aluminum is characterized by being the laminated 
superlattice layers. Since the resistance of the p type nitride semiconductor layer 
which consists of said superlattice layers can be made very low by this, power 
efficiency of a nitride semiconductor device can be made high. In the 1st nitride 
semiconductor device concerning this invention, said superlattice layers, Since 
the 2nd layer that consists of a nitride semiconductor which the 1 st layer, this 1 st 
layer, and presentation which consist of a nitride semiconductor which has 
thickness of 100A or less differ from each other, and has thickness of 100A or 



less is laminated, the crystallinity of said superlattice layers can improve, the 
threshold current by applying a superstructure to a p type cladding layer, and 
voltage -- it seems to be low -- ****** can be large and a threshold current and 
voltage can be notably reduced in this invention. 

[0008]lt is preferred to dope a p type impurity in the 1st nitride semiconductor 
device concerning this invention in either [ at least ] said 1st layer or said 2nd 
layer, and, as for the concentration of the p type impurity doped by said 1st layer 
and said 2nd layer, differing mutually is preferred. When the bandgap energy of 
said 1st layer and said 2nd layer differs mutually in the 1st nitride semiconductor 
device of the above, it is preferred that bandgap energy enlarges impurity 
concentration of a large layer. 

[0009]The 2nd nitride semiconductor device concerning this invention, The n 
type nitride semiconductor layer field where n side contact layer, the n side clad 
layer, and the n side light guide layer were laminated on the substrate, It is a 
nitride semiconductor device which has the p type nitride semiconductor layer 
field where the active layer which consists of nitride semiconductors, the p side 
light guide layer and a p side clad layer, and p side contact layer were laminated, 
Among said p side clad layer and said n side clad layer, at least one. It has 



thickness of 100A or less at not less than 10A, and a presentation differs from 
the 1 st layer that consists of a nitride semiconductor which does not contain 
aluminum, and this 1st layer, and it has thickness of 100A or less at not less than 
1 0A, and the 2nd layer that consists of a nitride semiconductor containing 
aluminum is characterized by being the laminated superlattice layers. 
[0010]ln the 2nd nitride semiconductor device concerning this invention, when 
said p side clad layers are said superlattice layers, It is preferred to dope a p 
type impurity in either [ at least ] said 1st layer or said 2nd layer, and, as for the 
concentration of the p type impurity doped by said 1st layer and said 2nd layer, 
differing mutually is preferred. When the bandgap energy of said 1st layer and 
said 2nd layer differs mutually in the 2nd nitride semiconductor device 
concerning this invention, it is preferred that bandgap energy enlarges impurity 
concentration of a large layer. 

[001 1 ]ln the 2nd nitride semiconductor device concerning this invention, when 
said n side clad layers are said superlattice layers, It is preferred to dope a n 
type impurity in either [ at least ] said 1st layer or said 2nd layer, and it is 
preferred that the concentration of the n type impurity doped without the 1st layer 
of an account and said 2nd layer differs mutually. Under the present 



circumstances, when the bandgap energy of said 1st layer and said 2nd layer 
differs mutually, it is preferred that bandgap energy enlarges impurity 
concentration of a large layer. 

[0012]The 3rd nitride semiconductor device concerning this invention, The n 
type nitride semiconductor layer field where n side contact layer, the n side clad 
layer, and the n side light guide layer were laminated on the substrate, It is a 
nitride semiconductor device which has the p type nitride semiconductor layer 
field where the active layer which consists of nitride semiconductors, the p side 
light guide layer and a p side clad layer, and p side contact layer were laminated, 
The 1st layer that consists of a nitride semiconductor with which said n side clad 
layer has thickness of 100A or less at not less than 10A, and does not contain 
aluminum, A presentation differs from this 1st layer, and it has thickness of 100A 
or less at not less than 10A, The 3rd layer that consists of a nitride 
semiconductor which the 2nd layer that consists of a nitride semiconductor 
containing aluminum is the laminated superlattice layers, and said p side clad 
layer has thickness of 100A or less at not less than 10A, and does not contain 
aluminum, A presentation differs from this 3rd layer, and it has thickness of 100A 
or less at not less than 10A, and the 4th layer that consists of a nitride 



semiconductor containing aluminum is characterized by being the laminated 
superlattice layers. 

[001 3]lt may be made to form a Mine-like ridge part in a resonant direction in the 
3rd nitride semiconductor device of the above in the layer currently formed 
above said p side clad layer and this p side clad layer. 

[0014]ln the 1st concerning this invention - the 3rd nitride semiconductor device, 
said active layer may have a nitride semiconductor containing indium. Said 1st 
[ the ] - the 3rd nitride semiconductor device, It may be made to form on C side of 
silicon on sapphire, and after said 1st [ the ] - the 3rd nitride semiconductor 
device grow up the GaN layer which doped Si on C side of silicon on sapphire, it 
may be made to form them on the GaN board from which silicon on sapphire 
was removed. In said 1st [ the ] - the 3rd nitride semiconductor device, said n 
side light guide layer may be GaN, and may be InGaN. In said 1st [ the ] - the 3rd 
nitride semiconductor device, said p side light guide layer may be GaN, and may 
be InGaN. Said active layer is touched in said 1st [ the ] - the 3rd nitride 
semiconductor device, It is preferred to provide the p side light guide layer in 
which bandgap energy is smaller than said p side cap layer in the position which 
has the p side cap layer which consists of a nitride semiconductor containing 



aluminum, and is separated from an active layer rather than the p side cap layer. 
[0015]The 1st layer that consists superlattice layers of InxGai-xN (0<=X<=1) in 
the 1st - the 3rd nitride semiconductor device of this invention, If constituted by 
laminating the 2nd layer that consists of aluminumyGai-YN (0<=Y<=1, X=Y!=0), 

General formula aluminumyGai - Since a good crystalline semiconductor layer is obtained, the nitride 
semiconductor expressed with yN and InxGai-xN can form a layer with few crystal defects. 
Thereby, the crystallinity of the whole nitride semiconductor becomes good, and 
when improvement (improvement in power efficiency) and this element are a 
LED element or an LD element about the output of this element, Vf, a threshold 
current, voltage, etc. can be made low. In the 1st of this invention - the 3rd nitride 
semiconductor device. In said superlattice layers in order to form a layer with still 
few crystal defects, It is still more preferred that said 1st layer consists of a 
nitride semiconductor expressed with formula InxGai-xN (0<=X<1), and said 2nd 
layer consists of a nitride semiconductor expressed with formula 
aluminumyGai-yN (0< Y<1). 

[0016]ln the 1st - the 3rd nitride semiconductor device of this invention, although 
it is preferred that it is 70A or less as mentioned above as for the thickness of 
said 1st layer and the 2nd layer, it is set as 40A or less still more preferably. In 



this invention, the thickness of said 1st layer and the 2nd layer is set as not less 
than 10A. By setting up within the limits of this, nitride semiconductor layers, 
such as aluminumyGai-YN (0< Y<=1) which was hard to grow up, can form with 
sufficient crystallinity by the former. Of the p type nitride semiconductor layers 
which are between p electrode and an active layer especially, at least further, 
And/or, when making into superlattice layers at least one layer in the n type 
nitride semiconductor layer between n side contact layer as a current injection 
layer and the active layer in which n electrode is formed, the effect by setting the 
1st layer that constitutes the superlattice layers, and the 2nd layer as said 
thickness is large. 

[0017]ln the 1st - the 3rd nitride semiconductor device of this invention, it is 
preferred to have p side contact layer for forming p electrode, and to set the 
thickness of these p side contact layers as 500A or less. Thus, the resistance of 
the thickness direction of these p side contact layers can be lowered by forming 
p side contact layer thinly. It is still more preferred to set it as 300A or less in this 
invention. As for the minimum of the thickness of these p side contact layers, it is 
preferred to set it as not less than 10A so that the semiconductor layer under this 
p type contact layer may not be exposed. 



[0018]moreover -- forming the 1st buffer layer on a substrate and forming on it 
the 2nd buffer layer that consists of a nitride semiconductor of 0.1 micrometers 
or more of thickness in this invention, -- this -- it is preferred to form n side 
contact layer which consists of a nitride semiconductor with which a n type 
impurity was doped on the 2nd buffer layer. By this, carrier concentration can 
form good large crystalline n side contact layer. In order to form said 2nd buffer 
layer with still more sufficient crystallinity, it is preferred that impurity 
concentration of said 2nd buffer layer is low concentration as compared with said 
n side contact layer. 

[0019]ln this invention, as an impurity which determines a conductivity type, the 
[ which is doped by nitride semiconductor / periodic table ] -- the [ 4A fellows, 4B 
fellows, and ] -- the [ 6A fellows and ] -- there are a n type impurity belonging to 
6B fellows and a p type impurity belonging to 1A, 1B fellows, 2A fellows, and 2B 
fellows (this Description is hereafter described as a n type impurity and a p type 
impurity suitably.). As mentioned above, when bandgap energy differs in the 1st 
layer and 2nd layer, it is desirable to enlarge impurity concentration of a layer 
with larger bandgap energy. By this, a high increase in power by an 
abnormal-conditions dope at the time of forming superlattice layers in the p type 



nitride semiconductor layer side is expectable. In this invention, n side contact 
layers may be superlattice layers. Bandgap energy can differ mutually in two 
layers which constitute superlattice layers which are n side contact layers, and 
power efficiency can be raised by enlarging impurity concentration of a layer with 
larger bandgap energy by an effect which was similar to HEMT mentioned later. 
For example, in a laser device, it is in threshold voltage and a tendency for a 
threshold current to fall, further. 
[0020] 

[Mode for carrying out the invention]Hereafter, a nitride semiconductor device of 
an embodiment which starts this invention with reference to Drawings is 
explained. 

Embodiment 1. drawing 1 is structure of a nitride semiconductor device of 
Embodiment 1 concerning this invention a shown typical sectional view, and this 
nitride semiconductor device, As a fundamental structure, on the substrate 1 
which consists of sapphire, The buffer layer 2 which consists of GaN(s), the n 
side contact layer 3 which consists of Si-dope n type GaN, the active layer 4 
which consists of InGaN of single quantum well structure, the p side clad layer 5 
which consists of superlattice layers by which the 1st layer that differs in a 



presentation mutually, and the 2nd layer were laminated, The p side contact 
layer 6 which consists of Mg dope GaN is the LED element laminated in order. In 
a nitride semiconductor device of Embodiment 1 , all over almost [ of the p side 
contact layer 6 surface ], The whole surface electrode 7 of translucency is 
formed, the p electrode 8 for bonding is formed in the surface of the whole 
surface electrode 7, and the n electrode 9 is formed in the surface of the n side 
contact layer 2 further exposed from the p side contact layer 6 by carrying out 
etching removal of a part of nitride semiconductor layer. 
[0021 ]The 1st layer of 30 A of thickness (A) which consists of InxGai-xN 
(0<=X<=1) in which the nitride semiconductor device of Embodiment 1 doped 
Mg, for example as a p type impurity here, Since it has the p side clad layer 5 
which has the low resistance which comprised superlattice layers by which the 
2nd layer of 30 A of thickness which consists of p type aluminumyGai-YN 
(0<=Y<=1) which similarly doped Mg in the 1st layer and tales doses as a p type 
impurity was laminated, Vf can be made low. Thus, when forming superlattice 
layers in the p layer side, it is considered as the superlattice layers which dope p 
type impurities, such as Mg, Zn, Cd, and Be, in the 1st layer and/or the 2nd layer, 
and have a p type conductivity type, as laminating order -- the -- the [ 1+ ] -- the 



[ 2+the 1st ... or, and ] -- the [ 2+ ] -- the order of 1+the 2nd ... may be sufficient, 
and at least a total of two or more layers are laminated. 
[0022]The 1st layer and 2nd layer that consist of a nitride semiconductor which 
constitutes superlattice layers, It is not necessarily limited to the layer which 
consists of the layer and aluminumyGai-yN (0<=Y<=1) which consist of 
InxGai-xN (0<=X<=1), and what is necessary is just to comprise a nitride 
semiconductor with which presentations differ mutually. The bandgap energy of 
the 1st layer and the 2nd layer may differ, or it may be the same. For example, if 
the 1st layer is constituted from InxGai-xN (0<=X<=1) and the 2nd layer is 
constituted from aluminumyGai-YN (0< Y<=1), the bandgap energy of the 2nd 
layer will certainly become larger than the 1 st layer, but. If the 1 st layer is 
constituted from InxGai-xN (0<=X<=1) and the 2nd layer is constituted from 
InzAh-zN (0< Z<=1), bandgap energy may be the same although the 1st layer 
and 2nd layer differ in a presentation. If the 1st layer is constituted from 
aluminumyGai-YN (0<=Y<=1) and the 2nd layer is constituted from InzAh-zN (0< 
Z<=1), bandgap energy may be the same although the 1st layer and 2nd layer 
differ in a presentation similarly. That is, as long as this invention is superlattice 
layers which have the operation mentioned later, its bandgap energy of the 1st 



layer and the 2nd layer may be the same, or they may differ. As mentioned 
above, since [ which differs in a presentation ] a film is laminated extremely and 
the thickness of each layer is thin enough, the superlattice layers said here are 
large concepts which say the thing of the layer laminated without the defect 
accompanying a stacking fault occurring, and include quantum well structure. 
Although these superlattice layers do not have a defect inside, since they have 
the distortion accompanying a stacking fault, they are also usually called a 
strained super lattice. In this invention, even if V group elements, such as As and 
P, replace a part of N (nitrogen) of the 1st layer and the 2nd layer, as long as N 
exists, it is contained in a nitride semiconductor. 

[0023]ln this invention, the thickness of the 1st layer and the 2nd layer which 
constitutes superlattice layers, Since the 1st layer and 2nd layer will serve as 
thickness beyond an elastic strain limit and a very small crack or a crystal defect 
will enter easily into this film if thicker than 100 A, it is preferred to set it as 
thickness of 100 A or less. The minimum in particular of the thickness of the 1st 
layer and the 2nd layer is not limited, but should just be one or more atomic 
layers. However, in this invention the thickness of the 1st layer and the 2nd layer, 
The critical (elastic strain) marginal thickness of a nitride semiconductor is not 



fully reached as it is 1 00 A, It is most preferred for setting it as 70 A or less to set 
up desirable still more desirable more thinly, in order to use below elastic strain 
marginal thickness and to lessen the crystal defect of a nitride semiconductor 
more, and to set it as 40 A - 10 A. Although it may be set as 10 A or less (one 
atomic layer or two atomic layers) in this invention, if it is set as 10 A or less, For 
example, as for the thickness of the 1st layer and the 2nd layer, since formation 
time and time and effort are taken on ** more than which the number of 
laminations increases, and a manufacturing process when forming the cladding 
layer of thickness of 500 A or more by superlattice layers, it is preferred to set up 
more thickly than 10 A. 

[0024]ln the case of the nitride semiconductor device of this Embodiment 1 
shown in drawing 1 , the p type clad layer 5 which consists of superlattice layers 
is formed between the active layer 4 and the p side contact layer 6 which is 
current injection layers, and is acting as a carrier confining layer. Thus, to make 
especially superlattice layers into a carrier confining layer, it is necessary to 
make average bandgap energy of superlattice layers larger than an active layer. 
In a nitride semiconductor, since the nitride semiconductor containing aluminum, 
such as AIN, AIGaN, and InAIN, has comparatively big bandgap energy, these 



layers are used as a carrier confining layer. However, if a thick film is grown up 
by an AIGaN single like before, it has the character in which a crack enters easily 
into crystal growth. 

[0025]Then, the nitride semiconductor which contains aluminum at least in this 
invention for either [ at least ] the 1st layer of superlattice layers, or the 2nd layer, 
By forming aluminumyGai-YN (0< Y<=1) by the thickness below an elastic strain 
limit preferably, and constituting superlattice layers, growth formation of the good 
crystalline superlattice layers is carried out very much, and bandgap energy 
forms the layer big moreover with few cracks. In this case, it is made hard to act 
also as a buffer layer at the time of growing up the 2nd layer that consists of a 
nitride semiconductor containing aluminum, if the nitride semiconductor layer 
which does not contain aluminum in the 1st layer is grown up by thickness of 100 
A or less still more preferably, and to go into the 2nd layer in a crack. Therefore, 
even if it laminates the 1st layer and 2nd layer, good crystalline superlattice 
layers without a crack can be formed. Therefore, in this Embodiment 1, it is 
preferred to use superlattice layers as the 1st layer (the 2nd layer) that consists 
of InxGai-xN (0<=X<=1), and the 2nd layer (the 1st layer) that consists of 
aluminum Y Gai-YN (0<=Y<=1, X!=Y=0). 



[0026]ln the nitride semiconductor device of this Embodiment 1, in order to 
adjust carrier concentration to at least one layer of the 1st layer and the 2nd 
layer which constitute the p side clad layer 5 which is superlattice layers, it is 
preferred that the p type impurity which sets the conductivity type of this layer as 
a p type is doped. Dope ** is also good by the concentration in which the 1st 
layer differs from the 2nd layer when doping a p type impurity in the 1st layer and 
2nd layer, and when the bandgap energy of the 1st layer and the 2nd layer 
differs, it is still more desirable for bandgap energy to make the big layer high 
concentration. It is because the carrier concentration of one layer can become 
high substantially and the resistance of the whole superlattice layers can be 
reduced according to the quantum effect by abnormal-conditions doping, if an 
impurity is doped by concentration which is different in the 1st layer and the 2nd 
layer, respectively. Thus, in this invention, an impurity may be doped by different 
concentration in both the 1st layer and the 2nd layer, respectively, and an 
impurity may be doped in the 2nd either one of 1st layer or layer. 
[0027]The impurity concentration doped by the 1st layer and 2nd layer, Although 
this invention in particular is not limited to this, usually with a ptype impurity 1x10 
16 /cm 3 - 1x10 22 /cm 3 , It is still more preferably desirable 1x10 17 /cm 3 - 1x10 21 /cm 3 , 



and to adjust to the range of 1x10 18 /cm 3 - 2x10 20 /cm 3 most preferably. It is 
because it is in the tendency for the crystallinity of superlattice layers to worsen 
when more [ if less than 1x10 16 /cm 3 , the effect of reducing Vf and threshold 
voltage will be hard to be acquired, and ] than 1x10 22 /cm 3 . It is desirable to also 
adjust a n type impurity to the same range. The Reason is the same. 
[0028]However, in this invention, the impurity which determines a conductivity 
type as the 1st layer and 2nd layer does not need to be doped by superlattice 
layers. The superlattice layers by which this impurity is not doped may be which 
layers between an active layer and a substrate, as long as they are n type nitride 
semiconductor layer fields, and on the other hand, as long as they are p type 
nitride semiconductor layer fields, they may be which layers between a carrier 
confining layer (optical confinement layer) and an active layer. 
[0029]Since the 1st layer and the 2nd layer are made into the thickness below an 
elastic strain limit, are laminated and the superlattice layers constituted as 
mentioned above form them, the lattice defect of a crystal can be reduced, and 
they can decrease a very small crack, and can improve crystallinity fast. As a 
result, without spoiling crystallinity not much, increase doped quantity of an 
impurity for it and by this. Since it can move without being able to make the 



carrier concentration of a n type nitride semiconductor layer and a p type nitride 
semiconductor layer increase, and scattering about these carriers according to a 
crystal defect, as compared with the nitride semiconductor of a p type or a n type 
which does not have a superstructure, single or more figures resistivity can be 
made low. 

[0030]Therefore, in the nitride semiconductor device (LED element) of this 
Embodiment 1. Obtaining a low resistance nitride semiconductor layer 
conventionally forms the p type clad layer 5 by the side of difficult p layer (p type 
semiconductor layer field (field which consists of the p type clad layer 5 and the 
p type contact layer 6)) using superlattice layers, By making low the resistance of 
this p type clad layer 5, Vf can be made low. That is, compared with a n type 
nitride semiconductor, resistivity is usually high [ a p type nitride semiconductor/ 
a p type crystal is a semiconductor which is very hard to be obtained, and ], even 
if a p type nitride semiconductor is obtained double or more figures. Therefore, 
by forming p type superlattice layers in the p layer side, the p type layer which 
comprised superlattice layers can be extremely made into low resistance, and 
the fall of Vf appears notably, in order to obtain a p type crystal conventionally, 
annealing of the nitride semiconductor layer which doped the p type impurity is 



carried out as technology, and the technology which produces a p type nitride 
semiconductor is known by removing hydrogen (patent No. 2540791). However, 
although the p type nitride semiconductor was obtained, the resistivity has more 
than number omega and cm. Then, crystallinity becomes good by making this p 
type layer into p type superlattice layers, according to our examination, this p 
layer resistivity [ single or more figures ] can be made low as compared with the 
former, and the effect that Vf makes it fall shows up notably. 
[0031 ]ln this Embodiment 1 , the 1st layer (the 2nd layer) is preferably set to 
InxGai-xN (0<=X<=1) as mentioned above, Since the superlattice layers which 
do not have a good crystalline crack by constituting the 2nd layer (the 1st layer) 
from aluminumyGai-YN (0<=Y<=1, X!=Y=0) can be formed, an element life can 
be raised. 

[0032]Next, we compare and explain the conventional example and this 
invention which were indicated by publicly known document containing the 
Patent Gazette for which it applied before. First, we proposed JP,H8-228048,A 
previously as technology similar to this invention. This technology is technology 
which forms the multilayer film which becomes the outside of the n type clad 
layer which sandwiches an active layer, and/or the outside (that is, side which is 



separated from an active layer) of a p type clad layer from AIGaN, GaN, InGaN, 
etc. as a light reflection film of a laser beam. Since a multilayer film is formed as 
a light reflection film, and the thickness of that each layer is designed by lambda 
/ 4n (n: the refractive index of a nitride semiconductor, lambda:wavelength), this 
technology is dramatically thick. Therefore, each thickness of a multilayer film is 
not the thickness below an elastic strain limit. The laser device of the structure 
which inserted the active layer into USP No. 5,146,465 by the mirror which 
consists of aluminurnxGai-xN/aluminumyGai-YN is indicated. In order to make 
AIGaN/AIGaN act as a mirror like [ this technology ] last technology, thickness of 
each layer must be thickened. It is dramatically difficult to laminate a many layers 
hard semiconductor still like AIGaN without a crack. 
[0033]On the other hand, each thickness of the 2nd layer is set to the 1st 
constitute superlattice layers from this embodiment (both are preferably set to 
100 A or less and below critical thickness.), and it differs from said technology. 
The effect by the strained super lattice of the nitride semiconductor which 
constitutes superlattice layers from this invention is used, crystallinity is raised, 
and Vf is reduced. 

[0034]The method of laminating AIN and GaN of a thin film to JP,5-1 10138,A 



and JP,H5-110139,A, and obtaining the crystal of aluminunriYGai-YN is indicated. 
In order to obtain the mix crystal of aluminumyGai-YN of a predetermined mixed 
crystal ratio, this technology is technology which laminates AIN of tens of A 
thickness, and GaN, and differs from the technology of this invention. And since 
it does not have an active layer which consists of InGaN(s), a crack goes into 
superlattice layers easily. The light emitting device of terrorism structure is 
indicated by JP,H6-21511,A and the No. 268257 [ six to ] gazette to the double 
which has an active layer of the multiple quantum well structure which laminated 
GaN, InGaN or InGaN, and InGaN. In this invention, it is the technology which 
makes layers other than an active layer multiple quantum well structure, and 
differs also from this technology. 

[0035]Furthermore, with the element of this invention, when equipping an active 
layer with a nitride semiconductor like InGaN which contains indium at least, the 
effect of superlattice shows up notably. Bandgap energy is small and the InGaN 
active layer is most suitable as an active layer of a nitride semiconductor device. 
Therefore, since an active layer, a bandgap energy difference, and refractive 
index difference can be enlarged if the superlattice layers which consist of 
InxGai-xN and aluminumyGai-YN are formed as a layer which sandwiches an 



active layer, When these superlattice layers realize a laser device, it operates as 
a dramatically outstanding optical confinement layer (it applies to the nitride 
semiconductor device of Embodiment 2). Since InGaN is [ the character of a 
crystal ] soft compared with the nitride semiconductor containing aluminum like 
other AIGaN(s), if InGaN is made an active layer, a crack will become 
furthermore difficult to go into each laminated whole nitride semiconductor layer. 
Conversely, when a nitride semiconductor like AIGaN is made into an active 
layer, since the character of the crystal is hard, it is in the tendency for a crack to 
go into the whole crystal easily. 

[0036]lt is desirable to adjust still more preferably 500 A or less of thickness 
[ 300 A or less of ] of p side contact layer to 200 A or less most preferably 
furthermore, because, it mentioned above -- as -- resistivity -- several -- more 
than ohm-cm adjusts the thickness of a certain p type nitride semiconductor 
layer to 500 A or less -- further -- resistivity -- it seems to be low -- since ****** is 
made, the current in a threshold value and voltage fall. Quantity of the hydrogen 
removed from a p type layer can be increased, and resistivity can be reduced 
further. 

[0037]As mentioned above, in the nitride semiconductor device of this 



Embodiment 1, as explained in full detail, since the 1st layer and 2nd layer 
constitute the p type clad layer 5 from laminated superlattice layers, this p type 
clad layer 5 is extremely made to low resistance, and Vf of this element can be 
made low. 

[0038]According to above Embodiment 1, although superlattice layers were 
used for the p side clad layer 5, this invention may use p type superlattice layers 
not only for this but for the p side contact layer 6. That is, the p side contact layer 
6 into which current (electron hole) is poured can also be made into the p type 
superlattice layers by which the 1st layer that consists of InxGai-xN, and the 2nd 
layer that consists of aluminumyGai-YN were laminated. When the p type contact 
layer 6 is made into superlattice layers and the bandgap energy of the 1st layer 
is smaller than the 2nd layer, It is preferred to consider it as the layer which 
bandgap energy makes the outermost surface the 1st layer that consists of small 
InxGai-xN, and contacts p electrode, contact resistance with p electrode 
becomes small, and desirable OMIKKU is obtained by this. This is because the 
direction of the 1st layer with small bandgap energy is in the tendency for the 
nitride semiconductor layer whose carrier concentration is higher than the 2nd 
layer to be easy to be obtained. When forming further an above-mentioned p 



side clad layer and p type nitride semiconductor layers other than p side contact 
layer in a p type nitride semiconductor layer field, superlattice layers may 
constitute this p type nitride semiconductor layer from this invention. 
[0039]According to above Embodiment 1, although superlattice layers were 
used for the p side clad layer 5, this invention may use n type superlattice layers 
for the n side contact layer 3 of not only a p type nitride semiconductor layer field 
but a n type nitride semiconductor field. Thus, when making the n side contact 
layer 3 into superlattice layers, n type impurities, such as Si and germanium, can 
be doped in the 1st layer and/or 2nd layer, and the superlattice layers which 
have a n type conductivity type can be formed as the n type contact layer 3 
between the substrate 1 and the active layer 4, for example. In this case, it was 
checked that it is in the tendency for lateral resistance to fall if especially the n 
type contact layer 3 is made into the superlattice layers which differ in impurity 
concentration, and for threshold voltage and current to fall in LD. 
[0040]This about the case where the superlattice layers which doped many n 
type impurities are formed in the direction of the big layer of bandgap energy as 
a contact layer by the side of a n layer. The effect in which the operation similar 
to the following HEMT(s) (High-Electron-Mobility-Transistor) appeared is 



guessed. The 1st layer with a large band gap by which the n type impurity was 
doped (the 2nd layer), A band gap in the superlattice layers which laminated the 
2nd layer (the 1st layer) of small undoping {(undope) the state where the 
impurity is not doped below as for; is called undoping}. By the heterojunction 
interface of the layer which added the n type impurity, and a undoped layer, the 
big layer side of bandgap energy depletion-izes, and an electron (two 
dimensional electron gas) is accumulated in the interface before and behind the 
thickness (100 A) by the side of the small layer of bandgap energy. In order not 
to receive dispersion by an impurity when an electron runs since this two 
dimensional electron gas turns on the small layer side of bandgap energy, the 
degree of electron transfer of superlattice layers becomes high, and is guessed 
that resistivity falls. 

[0041 ]ln this invention, when providing the cladding layer by the side of n in a n 
type nitride semiconductor layer field, it is good also considering the cladding 
layer by the side of this n as superlattice layers. When forming n type nitride 
semiconductor layers other than n side contact layer and a n side clad layer in a 
n type nitride semiconductor layer field, it is good also considering this n type 
nitride semiconductor layer as superlattice layers. However, when providing the 



nitride semiconductor layer which consists of superlattice layers in a n type 
nitride semiconductor layer field, it cannot be overemphasized that it is desirable 
to make into a superstructure the n side clad layer as a carrier confining layer or 
the n side contact layer 3 into which current (electron) is poured. 
[0042]thus, when looking superlattice layers like [ the n type nitride 
semiconductor layer field between the active layer 4 and the substrate 1 ] and 
providing them, it is not necessary to dope an impurity in the 1st layer and the 
2nd layer which constitute superlattice layers It is because there is character 
which becomes a n type even when a nitride semiconductor is undoped. 
However, it is more desirable to dope n type impurities, such as Si and 
germanium, in the 1st layer and the 2nd layer, and to establish the difference of 
impurity concentration as mentioned above, when forming in the n layer side. 
[0043]As mentioned above, crystalline improvement is mentioned like the case 
where the effect at the time of forming superlattice layers in a n type nitride 
semiconductor layer field provides superlattice layers in a p type nitride 
semiconductor layer field. When it explains in detail, in the case of the nitride 
semiconductor device which has a hetero-junction, the carrier confining layer of 
a n type and a p type usually comprises AIGaN with larger bandgap energy than 



an active layer. Crystal growth is dramatically difficult for AIGaN, for example, 
when you are going to make it grow up by thickness of 0.5 micrometers or more 
with single composition, there is character in which a crack enters easily during a 
crystal. However, since a good crystalline thing will be obtained only in the 1st 
single layer and the 2nd layer if the 1st layer and the 2nd layer are laminated by 
the thickness below an elastic strain limit like this invention and it is superlattice 
layers, while crystallinity has been good also as thick superlattice layers of 
thickness, a cladding layer can grow the whole. Therefore, since the crystallinity 
of the whole nitride semiconductor becomes good and the mobility of a n type 
region becomes large, Vf falls with the element which made the superlattice 
layers the cladding layer. It seems that an effect similar to the above mentioned 
HEMT comes to show up notably when the impurity of Si and germanium is 
doped to superlattice layers and superlattice layers are made into a contact layer, 
and threshold voltage and Vf can be reduced further. 

[0044]Thus, the cladding layer as a carrier confining layer formed in the n type 
region or p type region where superlattice layers sandwich an active layer in this 
invention, Since it is used as the light guide layer of an active layer, or a current 
injection layer formed by an electrode touching, it is desirable to adjust so that 



the average bandgap energy of the nitride semiconductor which constitutes 
superlattice layers may become larger than an active layer. 
[0045]Embodiment 2 concerning embodiment 2., next this invention is described 
Drawing 2 is the structure of the nitride semiconductor device of Embodiment 2 
concerning this invention a shown typical sectional view (section vertical to the 
resonant direction of a laser beam), and this nitride semiconductor device, For 
example, on the substrates 10, such as sapphire which makes C side a principal 
surface, A n type nitride semiconductor layer field, (it consists of the n side 
contact layer 12, the crack prevention layer 13, the n side clad layer 14, and the 
n side light guide layer 15.) -- by a p type nitride semiconductor field (it consists 
of the cap layer 17, the p side light guide layer 18, the p side clad layer 19, and 
the p side contact layer 20.). It is the nitride semiconductor laser diode element 
provided with the active layer 16 which consists of a sandwiched nitride 
semiconductor. 

[0046]Here the nitride semiconductor device of this Embodiment 2, The 
threshold voltage of the nitride semiconductor device which is an LD element is 
low set up by forming the n side clad layer 14 in a n type nitride semiconductor 
layer field by superlattice layers, and forming the p side clad layer 19 in a p type 



nitride semiconductor field by superlattice layers. The nitride semiconductor 
device of Embodiment 2 which starts this invention with reference to this drawing 
2J)elow is explained in detail. 

[0047]ln the nitride semiconductor device of this Embodiment 2, First, the n side 
contact layer 12 is formed via the buffer layer 1 1 and the 2nd buffer layer 112 on 
the substrate 10, further, on the n side contact layer 12, the crack prevention 
layer 13, the n side clad layer 14, and the n side light guide layer 15 are 
laminated, and a n type nitride semiconductor layer field is formed. The n lateral 
electrode 23 which carries out ohmic contact to the n side contact layer 12 is 
formed in the surface of the n side contact layer 12 exposed to the both sides of 
the crack prevention layer 13, respectively, and the n side pad electrode for wire 
bonding is formed on these n lateral electrodes 23, for example. And the active 
layer 16 which consists of nitride semiconductors is formed on the n side light 
guide layer 15, further, on this active layer 16, the cap layer 17, the p side light 
guide layer 18, the p side clad layer 19, and the p side contact layer 20 are 
laminated, and a p type nitride semiconductor layer field is formed. The p lateral 
electrode 21 which carries out ohmic contact to these p side contact layers 20 is 
formed on the p side contact layer 20, and p side pad electrode for wire bonding 



is formed on these p lateral electrodes 21, for example. By the upper part of the 
p side contact layer 20 and the p side clad layer 19. By the ridge part of the 
shape of Mine extended for a long time being constituted by the resonant 
direction, and forming this ridge part in it, In the active layer 16, light is shut up 
crosswise (direction which intersects perpendicularly with a resonant direction), 
and laser oscillation of the resonator which resonates to the longitudinal 
direction of a ridge part is produced and carried out using the cleavage plane by 
which cleavage was carried out in the direction vertical to a ridge part (electrode 
of stripe shape). 

[0048]Next, each component of the nitride semiconductor device of Embodiment 
2 is explained. 

(Substrate 10) R side besides the sapphire which makes C side the substrate 10 
with a principal surface, Semiconductor substrates, such as SiC (6H, 4H, and 3C 
are included), ZnS, ZnO, GaAs, GaN, etc. besides the sapphire which makes A 
side a principal surface, and other insulating substrates like a spinel (MgA1 2O4), 
can be used. 

[0049](Buffer layer 11) The buffer layer 11 grows up AIN, GaN, AIGaN, InGaN, 
etc. at the temperature of 900 ** or less, for example, and is formed in a 



thickness number (1 0 A - hundreds of A). In order that this buffer layer 1 1 may 
ease the grating constant injustice of a substrate and a nitride semiconductor, it 
forms, but it is also possible to omit according to the growing method of a nitride 
semiconductor, the kind of substrate, etc. 

[0050](The 2nd buffer layer 1 12) On said buffer layer 1 1 , the 2nd buffer layer 
1 12 is a layer which consists of a nitride semiconductor of the single crystal 
grown up at the elevated temperature rather than said buffer layer, and has a 
thick film rather than the buffer layer 1 1 . the nitride semiconductor layer which 
this 2nd buffer layer 112 considers it as a layer with less n type impurity 
concentration than the n side contact layer 12 grown up into the next, or does 
not dope a n type impurity -- if it is a GaN layer preferably, the crystallinity of the 
2nd buffer layer 112 will become good. If a n type impurity is most preferably set 
to undoped GaN, a nitride semiconductor with the most sufficient crystallinity will 
be obtained. If not less than several micrometers thickness tends to constitute n 
side contact layer which forms the negative electrode like before from the single 
nitride semiconductor layer of high carrier concentration, it is necessary to grow 
up a layer with large n type impurity concentration. As for the layer of a thick film 
with large impurity concentration, crystallinity tends to worsen. For this reason, 



on a bad crystalline layer, even if it grows up other nitride semiconductors, such 
as an active layer, other layers will succeed a crystal defect and crystalline 
improvement cannot be expected. Then, before growing up 12 layers of n side 
contact layers, carrier concentration can grow up the good large crystalline n 
side contact layer 12 by growing up the 2nd good crystalline buffer layer 1 12 with 
small impurity concentration. As for the thickness of this 2nd buffer layer 112, it 
is still more preferably desirable most preferably to adjust to 1 micrometers or 
more and 20 micrometers or less 0.5 micrometers or more 0.1 micrometers or 
more. When the 2nd buffer layer 1 12 is thinner than 0.1 micrometer, the n type 
contact layer 12 with large impurity concentration must be grown up thickly, and 
it is in the tendency which can seldom expect crystalline improvement in the n 
side contact layer 12. When thicker than 20 micrometers, it is in the tendency for 
a crystal defect to increase easily in the 2nd buffer layer 1 12 the very thing. It is 
considered as the advantage into which the 2nd buffer layer 1 12 is grown up 
thickly, and improvement in heat dissipation nature is mentioned. That is, when a 
laser device is produced, the life of a laser device improves that heat spreads 
easily in the 2nd buffer layer 112. Furthermore, the light leaking of a laser beam 
spreads within the 2nd buffer layer 112, and it becomes easy to obtain the laser 



beam near an ellipse form. The 2nd buffer layer 1 12 may be omitted when 
conductive substrates, such as GaN, SiC, and ZnO, are used for a substrate. 
[0051 ](n side contact layer 12) The n side contact layer 12 is a layer which acts 
as a contact layer which forms the negative electrode, and it is desirable to 
adjust to 0.2 micrometers or more and 4 micrometers or less. If thinner than 0.2, 
when forming the negative electrode later, it is difficult to control an etching rate 
so that this layer may be exposed, and when not less than 4 micrometers is used, 
on the other hand, it is in the tendency for crystallinity to worsen under the 
influence of an impurity. The range of the n type impurity doped to the nitride 
semiconductor of this n side contact layer 12 The range of 1x10 17 /cm 3 - 1x10 
21 /cm 3 , It is desirable to adjust to 1x10 18 /cm 3 - 1x10 19 /cm 3 still more preferably. 
Since the material of n electrode and desirable OMIKKU will become is hard to 
be obtained if smaller than 1x10 17 7cm 3 , In a laser device, a fall of a threshold 
current and voltage cannot be expected, but since the leakage current of the 
element itself will increase and crystallinity will also worsen if larger than 1x10 
21 /cm 3 , it is in the tendency for the life of an element to become short. In the n 
side contact layer 12, in order to make small ohmic contact resistance with the n 
electrode 23, it is desirable to make larger than the n cladding layer 14 



concentration of the impurity which raises the carrier concentration of these n 
side contact layers 12. The n side contact layer 12 acts not as a contact layer but 
as a buffer layer, when providing the negative electrode in a substrate at the 
substrate rear side using conductive substrates, such as GaN, SiC, and ZnO. 
[0052]At least one layer of the 2nd buffer layer 1 1 and the n side contact layers 
12 can also be made into superlattice layers. If it is superlattice layers, the 
crystallinity of this layer will become good by leaps and bounds, and a threshold 
current will fall. Let the desirable n side contact layer 12 in which thickness is 
thinner than the 2nd buffer layer 1 1 be superlattice layers. In the case where the 
n side contact layer 12 is made into the superstructure which comes to laminate 
the 1st layer that differs in bandgap energy mutually, and the 2nd layer, By 
exposing the desirable small layer of bandgap energy and forming the n 
electrode 23, contact resistance with the n electrode 23 can be made low, and 
can reduce a threshold value. As a n type nitride semiconductor and a material 
of the n electrode 23 in which desirable OMIKKU is obtained, metal or alloys, 
such as aluminum, Ti, W, Si, Zn, Sn, and In, are mentioned. 
[0053]By making the n type contact layer 12 into the superlattice layers which 
differ in impurity concentration, lateral resistance can be made low by an effect 



similar to HEMT explained in Embodiment 1, and the threshold voltage of an LD 
element and current can be made low. 

[0054](Crack prevention layer 13) The crack prevention layer 13 consists of 
lno.1Gao.9N which cm- 3 [ 5x10 18 /]-doped Si, for example, and has 500-A 
thickness, for example. This crack prevention layer 13 can prevent a crack from 
entering into the nitride semiconductor layer containing aluminum formed on it 
the n type nitride semiconductor containing In and by growing up InGaN 
preferably and forming. As for this crack prevention layer 13, it is preferred to 
make it grow up by 100 A or more and 0.5 micrometer or less of thickness. If 
thinner than 1 00 A, it will be hard to act as crack prevention as mentioned above, 
and when thicker than 0.5 micrometer, it is in the tendency for the crystal itself to 
be discolored in black. This crack prevention layer 13 may be omitted, when 
using the n side contact layer 12 as superlattice like this Embodiment 1, or when 
making into superlattice layers the n side clad layer 14 grown up into the next. 
[0055](N side clad layer 14 which consists of n type superlattice) A n side clad 
layer, For example, it consists of n typeA10.2Ga0.8N which cm- 3 [ 5x10 
18 /]-doped Si, The 1st layer that has 20-A thickness, and the 2nd layer that 
consists of undoped GaN and has 20-A thickness consist of superlattice layers 



laminated by turns, and it has 0.5 micrometer of thickness on the whole. This n 
type clad layer 14 acts as a carrier confining layer and an optical confinement 
layer, The nitride semiconductor which contains aluminum for one of layers 
when it is considered as superlattice layers, It is desirable to grow up AIGaN 
preferably and 2 micrometers or less of 100 A or more can grow a good carrier 
confining layer by making it grow up at 500 A or more and 1 micrometer or less 
still more preferably. Although this n type clad layer 14 can also be grown up 
with a single nitride semiconductor, the good crystalline carrier confining layer 
where a crack does not have considering it as superlattice layers can be formed 
[0056](n side light guide layer 1 5) The n side light guide layer 1 5 consists of n 
type GaN which cm- 3 [ 5x10 18 /]-doped Si, for example, and has 0.1 micrometer 
of thickness. As for this n side light guide layer 6, it is desirable to act as a light 
guide layer of an active layer, to grow up GaN and InGaN, and to form, and it is 
usually desirable to make it grow up by 200 A - 1 micrometer of thickness still 
more preferably 100 A - 5 micrometers. This light guide layer 15 can also be 
made into superlattice layers. When making the n side light guide layer 15 and 
the n side clad layer 14 into superlattice layers, average bandgap energy of the 
nitride semiconductor layer which constitutes superlattice layers is made larger 



than an active layer. When considering it as superlattice layers, a n type impurity 
may be doped in either [ at least ] the 1st layer or the 2nd layer, and undoping 
may be sufficient. The superlattice by which a undoped nitride semiconductor 
independent or a undoped nitride semiconductor was laminated may be 
sufficient as this light guide layer 15. 

[0057](Active layer 16) The well layer which the active layer 16 consists of 
lno.2Gao.8N which doped Si by 8x10 18 /cm 3 , for example, and has 25-A thickness, 
It consists of lno.05IGao.95N which cm- 3 [ 8x10 18 /]-doped Si, and constitutes from 
multiple quantum well structure (MQW) which has predetermined thickness by 
laminating by turns the barrier layer which has 50-A thickness. In the active layer 
16, an impurity may be doped to both a well layer and a barrier layer, and it may 
dope to either. When a n type impurity is doped, it is in the tendency for a 
threshold value to fall. Superlattice layers are distinguished in order to certainly 
laminate the small well layer of bandgap energy, and the barrier layer in which 
bandgap energy is smaller than a well layer, in making the active layer 16 into 
multiple quantum well structure in this way. 100 A or less of thickness [ 70 A or 
less of ] of a well layer shall be 50 A or less most preferably. 150 A or less of 
thickness [ 100 A or less of ] of a barrier layer shall be 70 A or less most 



preferably. 

[0058](p side cap layer 17) Rather than the active layer 16, bandgap energy is 
large, for example, consists of p type aluminumo.3Gao.7N which cm- 3 [ 1x10 
20 /]-doped Mg, and the p side cap layer 17 has 200-A thickness, for example. 
Although it is preferred in this Embodiment 2 to use the cap layer 17 in this way, 
since this cap layer is formed in thin thickness, it is good also as an i type which 
doped the n type impurity and with which the carrier was compensated by this 
invention. 0.1 micrometer or less of thickness [ 500 A or less of ] of the p side 
cap layer 17 is most preferably adjusted to 300 A or less still more preferably. It 
is because a crack enters easily into the p side cap layer 17 and a good 
crystalline nitride semiconductor layer cannot grow easily, if it is made to grow up 
by thickness thicker than 0.1 micrometer. It is because it becomes impossible to 
pass the p type capping layer 17 from which a carrier becomes that the 
thickness of the p side cap layer 17 is 0.1 micrometers or more with this energy 
barrier according to the tunnel effect, When passage of the carrier by this tunnel 
effect is taken into consideration, it is preferred to set it as 500 A or less and 300 
more A or less to have mentioned above. 

[0059]To the p side cap layer 17, in order to make an LD element easy to 



oscillate, it is preferred that the composition ratio of aluminum uses and forms 
large AIGaN, and it becomes easy to oscillate an LD element, so that this AIGaN 
is formed thinly. For example, if Y value is 0.2 or more aluminumyGai-yN, 
adjusting to 500 A or less is desirable. Although the minimum in particular of the 
thickness of the p side cap layer 17 does not limit, it is desirable to form by 
thickness of 10 A or more. 

[0060](p side light guide layer 18) Bandgap energy is smaller than the p side cap 
layer 17, for example, consists of p type GaN which cm- 3 [ 1x10 20 /]-doped Mg, 
and the p side light guide layer 18 has 0.1 micrometer of thickness. As for this p 
side light guide layer 18, it is desirable to act as a light guide layer of the active 
layer 16, to make it grow up by GaN and InGaN as well as the n side light guide 
layer 15, and to form. This layer acts as a desirable light guide layer by acting 
also as a buffer layer at the time of growing up the p side clad layer 1 9, and 
growing up 100 A - 5 micrometers by 200 A - 1 micrometer of thickness still more 
preferably. Although this p side light guide layer usually dopes p type impurities, 
such as Mg, and considers it as a p type conductivity type, it is not necessary to 
dope an impurity in particular. This p side light guide layer can also be made into 
superlattice layers. When considering it as superlattice layers, a p type impurity 



may be doped in either [ at least ] the 1st layer or the 2nd layer, and undoping 
may be sufficient. 

[0061](P side clad layer 19= superlattice layers) The p side clad layer 19, For 
example, the 1st layer that consists of p type aluminumo.2Gao.8N which 
cm- 3 [ 1x10 20 /]-doped Mg, and has 20-A thickness, for example, For example, it 
consists of p type GaN which cm- 3 [ 1x10 20 /]-doped Mg, and the 2nd layer that 
has 20-A thickness consists of superlattice layers laminated by turns. This p side 
clad layer 19 acts as a carrier confining layer as well as the n side clad layer 14, 
and acts as a layer for reducing especially resistivity of a p type layer. Although 
thickness in particular of this p side clad layer 19 is not limited, either, it is 
desirable to form at 500 A or more and 1 micrometer or less still more preferably 
2 micrometers or less 100 A or more. 

[0062](p side contact layer 20) On the p side clad layer 19, the p side contact 
layer 20 consists of p type GaN which cm- 3 [ 2x10 20 /]-doped Mg, for example, 
and has 150-A thickness, for example. This p side contact layer 20 can be 
constituted from p type InxAlyGai-x-yN (0<=X, 0<=Y, X+Y<=1), and if referred to 
as GaN which doped Mg as mentioned above preferably, the p electrode 21 and 
the most desirable ohmic contact will be obtained. It is desirable to adjust still 



more preferably 500 A or less of thickness [ 300 A or less of ] of p side contact 
layer to 200 A or less most preferably furthermore, because, it mentioned above 
-- as -- resistivity -- several -- more than ohm-cm adjusts thickness of a certain p 
type nitride semiconductor layer to 500 A or less -- further -- resistivity -- it seems 
to be low -- since ****** is made, current in a threshold value and voltage fall. 
Quantity of hydrogen removed from a p type layer can be increased, and 
resistivity can be reduced further. 

[0063]The p side contact layer 20 can also be made into superlattice layers in 
this invention. Especially in considering it as superlattice layers, it laminates the 
1st layer and 2nd layer that differ in bandgap energy, the -- the [ 1+ ] -- the [ 2+ ] 
-- 1 + the 2+ ... as -- if it laminates and is finally made exposed [ a layer with 
smaller bandgap energy ], the p electrode 21 and desirable ohmic contact will be 
obtained. As a material of the p electrode 21, nickel, Pd, nickel/Au, etc. can be 
mentioned, for example. 

[0064]The insulator layer 25 which consists of Si02 is formed in the surface of a 
nitride semiconductor layer exposed between the p electrode 21 and the n 
electrode 23 in this Embodiment 2 as shown in drawing 2 , The p pad electrode 
22 electrically connected with the p electrode 21 via an opening formed in this 



insulator layer 25 and the n pad electrode 24 connected with the n electrode 23 
are formed, this p pad electrode 22 extends surface area of the substantial p 
electrode 21 -- the p electrode side - wire bonding -- being able to be made to 
carry out die bonding, on the other hand, the n pad electrode 24 prevents 
peeling of the n electrode 23. 

[0065]The nitride semiconductor device of above Embodiment 2 is provided with 
the good crystalline p type clad layer 19 which is the superlattice layers which 
made the 1st layer and the 2nd layer the thickness below an elastic strain limit, 
and were laminated. By this, since the nitride semiconductor device of this 
Embodiment 2 can make low the single or more figures resistance of the p side 
clad layer 19 as compared with the p side clad layer which does not have a 
superstructure, it can make threshold voltage and current low. 
[0066]The p side clad layer 19 which contains p type aluminumyGai-YN in the 
nitride semiconductor device of this Embodiment 2 is touched, By forming the 
thickness thinly with 500 A or less by making the small nitride semiconductor of 
bandgap energy into the p side contact layer 20, The carrier concentration of the 
p side contact layer 20 becomes high substantially, p electrode and desirable 
OMIKKU are obtained, and the threshold current of an element and voltage can 



be made low. Since it has the 2nd buffer layer 112 before growing up n side 
contact layer, the crystallinity of the nitride semiconductor layer grown up on the 
2nd buffer layer 112 becomes good, and a long lasting element can be realized. 
If n side contact layer grown up on the 2nd buffer layer 1 12 is preferably used as 
superlattice, lateral resistance becomes low and the low element of threshold 
voltage and a threshold current can be realized. 

[0067]ln equipping the active layer 16 with a nitride semiconductor like InGaN 
which contains indium at least in the LD element of this Embodiment 2, It is 
preferred that InxGai-xN and aluminumyGai-YN use the superlattice layers 
laminated by turns as a layer (the n side clad layer 14 and the p side clad layer 
19) which sandwiches the active layer 16. By this, since the bandgap energy 
difference of the active layer 16 and these superlattice layers and refractive 
index difference can be enlarged, these superlattice layers can be operated as a 
dramatically outstanding optical confinement layer, when realizing a laser device. 
Since InGaN is [ the character of a crystal ] soft compared with the nitride 
semiconductor containing aluminum like other AIGaN(s), if InGaN is made an 
active layer, a crack will become furthermore difficult to go into each laminated 
whole nitride semiconductor layer. The life of an LD element can be lengthened 



by this. 

[0068]ln the case of the semiconductor device of the double hetero structure of 
having the active layer 16 which has quantum well structure like this 
Embodiment 2, the active layer 16 is touched, The p side cap layer 17 which 
consists of a nitride semiconductor of 0. 1 micrometer or less of thickness with 
larger bandgap energy than the active layer 16, and the p side cap layer 17 
which consists of a nitride semiconductor which contains aluminum preferably 
are formed, The p side light guide layer 18 in which bandgap energy is smaller 
than the p side cap layer 17 is formed in the position which is separated from an 
active layer rather than the p side cap layer 17, It is dramatically more preferred 
than the p side light guide layer 18 to form the p side clad layer 19 which has a 
superstructure which contains a nitride semiconductor with a larger band gap 
than the p side light guide layer 18 and the nitride semiconductor which contains 
aluminum preferably in the position which is separated from an active layer. And 
in order that the electron poured in from the n layer since bandgap energy of the 
p side cap layer 17 was enlarged may be prevented by this p side cap layer 17, 
and may be shut up and an electron may not overflow an active layer, the 
leakage current of an element decreases. 



[0069]Although the nitride semiconductor device of above Embodiment 2 
showed a structure desirable as a structure of a laser device, What is necessary 
is just to have at least one layer of n type superlattice layers from the active layer 
16 in this invention to the lower n type nitride semiconductor layer field (n type 
layer side), What is necessary is just to also have at least one layer of p type 
superlattice layers from the active layer 16 to the upper p type nitride 
semiconductor layer field (p type layer side), and element composition in 
particular is not specified. However, said superlattice layers are formed in the p 
side clad layer 19 as a carrier confining layer when forming in the p layer side, 
When forming in the n layer side and forming as the n contact layer 12 as a 
current injection layer which the n electrode 23 touched, or the n cladding layer 
14 as carrier ****** reduces Vf of an element, and a threshold value, it is in the 
most desirable tendency. It cannot be overemphasized that the same 
composition as the element of Embodiment 2 is applicable to a LED element 
(however, in a LED element, a ridge part is unnecessary). 
[0070]ln the nitride semiconductor device of Embodiment 2 constituted as 
mentioned above. In the atmosphere which does not contain H, for example, a 
nitrogen atmosphere, after each layer is formed, It is preferred to perform 



annealing, for example at 700 ** not less than 400 **, and since each layer of a p 
type nitride semiconductor layer field can be further low-resistance-ized by this, 
threshold voltage can be further made low by this. 

[0071 ]ln the nitride semiconductor device of Embodiment 2, the p electrode 21 
which becomes the surface of the p side contact layer 12 from nickel and Au was 
formed in stripe shape, n side contact layer was symmetrically exposed to this p 
electrode 21 , and the n electrode 23 is formed all over almost [ of that n side 
contact layer surface ]. Thus, when the structure of forming the n electrode 23 
symmetrically with the both sides of the p electrode 21 when an insulating 
substrate is used makes threshold voltage low, it is dramatically advantageous. 
[0072]ln this Embodiment 2, the dielectric multilayer which consists of Si02 and 
Ti02 may be formed in the cleavage plane (resonator face) which carried out 
cleavage in the direction vertical to a ridge part (electrode of stripe shape). 
[0073]Thus, the cladding layer as a carrier confining layer formed in the n type 
region or p type region where superlattice layers sandwich an active layer in this 
invention, Since it is used as the light guide layer of an active layer, or a current 
injection layer formed by an electrode touching, it is desirable to adjust so that 



the average bandgap energy of the nitride semiconductor which constitutes 
superlattice layers may become larger than an active layer. 

EXAMPLE 

[Working example]Hereafter, in working example, this invention is explained in 
full detail. 

[Working example 1] Working example 1 concerning this invention is an example 
of creation of the nitride semiconductor device (LD element) shown in drawing 2 , 
and is produced in the following procedures. First, passing hydrogen, after 
setting the substrate 10 which consists of sapphire (C side) in a reaction vessel 
and replacing the inside of a container enough from hydrogen, the temperature 
of a substrate is raised to 1050 ** and a substrate is cleaned. Then, temperature 
is lowered to 510 **, hydrogen is used for carrier gas, ammonia (NH3) and TMG 
(trimethylgallium) are used for material gas, and the 1st buffer layer 1 1 that 
comes from GaN on the substrate 10 is grown up by about 200-A thickness. 
[0075]Only TMG is stopped after buffer layer 1 1 growth, and temperature is 
raised to 1050 **. If it becomes 1050 **, similarly TMG and ammonia gas will be 
used for material gas, and the 2nd buffer layer 112 that consists of the undoping 



GaN of carrier concentration 1x10 18 /cm 3 will be grown up by 5-micrometer 
thickness, the 2nd buffer layer -- InxAlyGai-x-yN (0<=X.) Although it can 
constitute from 0<=Y and X+Y<=1 and the presentation in particular is not asked, 
it is preferably undoped and aluminum (Y value) sets to 0.1 or less 
aluminumyGai-yN and most desirable undoped GaN. Then, silane gas (SihU) is 
used for TMG, ammonia, and impurity gas at 1050 **, and the n side contact 
layer 12 which consists of n type GaN which cm- 3 [ 1x10 19 /]-doped Si is grown up 
by 1 micrometer of thickness. When this n side contact layer 12 is formed by 
superlattice, it is still more preferred. 

[0076]Temperature shall be 800 ** and to material gas Next, TMG, TMI 
(trimethylindium), Silane gas is used for ammonia and impurity gas, and the 
crack prevention layer 13 which consists of lno.1Gao.9N which cm- 3 [ 5x10 
18 /]-doped Si is grown up by 500-A thickness. And temperature shall be 1050 ** 
and TMA, TMG, ammonia, and silane gas are used, The 1st layer that consists 
of n type aluminumo.2Gao.8N which cm- 3 [ 5x10 18 /]-doped Si is grown up by 20-A 
thickness, then TMA and Silang are stopped and the 2nd layer that consists of 
the undoping GaN is grown up by 20-A thickness. And this operation is repeated 
100 times, respectively and the n side clad layer 14 which consists of 



superlattice layers of 0.4 micrometer of the total thickness is grown up. 
[0077]Then, the n side light guide layer 15 which consists of n type GaN which 
cm- 3 [ 5x10 18 /]-doped Si at 1050 ** is grown up by 0.1 micrometer of thickness. 
Next, the active layer 16 is grown up using TMG, TMI, ammonia, and Silang. The 
active layer 16 holds temperature at 800 **, and grows up the well layer which 
consists of lno.2Gao.8N which doped Si by 8x10 18 /cm 3 first by 25-A thickness. 
Next, the barrier layer which consists of lno.01Gao.99N which cm- 3 [ 8x10 
18 /]-doped Si at the same temperature only by changing the mole ratio of TMI is 
grown up by 50-A thickness. This operation is repeated twice and the active 
layer 16 of the multiple quantum well structure (MQW) of 175 A of the total 
thickness that finally laminated the well layer is grown up. 
[0078]Raise temperature to 1050 ** and to material gas Next, TMG, TMA, 
ammonia, Cp2Mg (magnesium cyclopentadienyl) is used for impurity gas, The p 
side cap layer 17 which consists of p type aluminumo.3Gao.7N in which bandgap 
energy was large and cm- 3 [ 1x10 20 /]-doped Mg rather than the active layer is 
grown up by 300-A thickness. Then, the p side light guide layer 18 which 
bandgap energy becomes at 1050 ** from p type GaN smaller than the p side 
cap layer 17 to which Mg was cm- 3 [ 1x10 20 /]-doped is grown up by 0.1 



micrometer of thickness. 

[0079]Then, TMA, TMG, ammonia, and Cp2Mg are used, The 1st layer that 
consists of p type aluminumo.2Gao.8N which cm- 3 [ 1x10 20 /]-doped Mg at 1050 ** 
is grown up by 20-A thickness, Then, only TMA is stopped and the 2nd layer that 
consists of p type GaN which cm- 3 [ 1x10 20 /]-doped Mg is grown up by 20-A 
thickness. And this operation is repeated 100 times, respectively and the p side 
clad layer 19 which consists of superlattice layers of 0.4 micrometer of the total 
thickness is formed. The p side contact layer 20 which finally consists of p type 
GaN which cm-- 3 [ 2x10 20 /]-doped Mg on the p side clad layer 19 at 1050 ** is 
grown up by 150-A thickness. 

[0080]Temperature is lowered to a room temperature after ending reaction, 
among a nitrogen atmosphere, in a reaction vessel for a wafer, annealing is 
performed at 700 ** and a p type layer is low-resistance-ized further. As a wafer 
is picked out from a reaction vessel after annealing and it is shown in drawing 2, 
the p side contact layer 20 of the top layer and the p side clad layer 19 are 
etched with an RIE system, and it is considered as the ridge shape which has 
the stripe width of 4 micrometers. 

[0081]Next, as a mask is formed in the ridge surface and it is shown in drawing 2, 



it is made symmetrical to the ridge of stripe shape, and the surface of the n side 
contact layer 12 is exposed. Next, the p electrode 21 which consists of nickel 
and Au all over almost [ of the stripe ridge outermost surface of the p side 
contact layer 20 ] is formed. On the other hand, the n electrode 23 which 
consists of Ti and aluminum is formed all over almost [ of the n side contact layer 
3 of stripe shape ]. 

[0082]Next, as shown in drawing 2, the insulator layer 25 which consists of Si02 
is formed in the surface of a nitride semiconductor layer exposed between the p 
electrode 21 and the n electrode 23, and the p pad electrode 22 electrically 
connected with the p electrode 21 via this insulator layer 25 and the n pad 
electrode 24 are formed. A wafer which formed n electrode and p electrode as 
mentioned above shall be transported to polish equipment, the silicon on 
sapphire 1 of a side which does not form a nitride semiconductor shall be 
wrapped using a diamond polishing agent, and thickness of a substrate shall be 
50 micrometers. After wrapping, 1 micrometer is polished with still finer abrasive 
soap, and a substrate face is made into mirror finished surface form. 
[0083]The scribe after substrate polish and of the polished surface side is carried 
out, cleavage is carried out to bar shape in a direction vertical to an electrode of 



stripe shape, and a resonator is produced to a cleavage plane. A dielectric 
multilayer which consists of Si02 and Ti02 was formed in a resonator face, and 
finally, in a direction parallel to p electrode, Bar was cut and it was considered as 
a laser chip. Next, in [ when a chip was installed in a heat sink by face up (state 
which a substrate and a heat sink countered), wire bonding of each electrode 
was carried out and laser oscillation was tried at a room temperature ] a room 
temperature, With threshold current density 2.9 kA/cm 2 and the threshold 
voltage 4.4V, continuous oscillation with an oscillation wavelength of 405 nm 
was checked, and a life of 50 hours or more was shown. 

[0084](Comparative example 1) n type GaN which did not grow up the 2nd buffer 
layer 112 and cm- 3 [ 1x10 19 /]-doped Si for the n side contact layer 12 further on 
the other hand -- it being single, and 5 micrometers being grown up, and, 0.4 
micrometer of n side clad layers 14 are grown up by a n type aluminumo.2Gao.8N 
single which cm- 3 [ 1x10 19 /]-doped Si, 0.4 micrometer of p side clad layers 19 are 
grown up by a p type aluminumo.2Gao.8N single which 1-x-10- 20 -/-m- 3 -doped Mg, 
0.2 micrometer of single p type GaN(s) which furthermore cm- 3 [ 2x10 20 /]-doped 
Mg for the p side contact layer 20 were grown up, and also a laser device was 
obtained like working example 1. That is, as basic constitution, as shown in 



Table 1, it constitutes. 
[0085] 
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[0086]Although continuous oscillation was checked by threshold current density 
7 kA/cm 2 as for a laser device of a comparative example constituted in this way, 
threshold voltage has gone out in those or more [ 8.0 ] with V, and several 
minutes. 

[0087][Working example 2] The 1st layer that consists the n side contact layer 12 
of n type aluminumo.05Gao.95N which cm- 3 [ 2x10 19 /]-doped Si in working example 



1 is grown up by 30-A thickness, Then, the 2nd layer that consists of undoped 
GaN is grown up by 30-A thickness, this is repeated, and it is considered as the 
superstructure of 1.2 micrometers of the total thickness. When it was considered 
as the laser device which has the same structure as working example 1, it is 
threshold current density 2.7 kA/cm 2 and the threshold voltage 4.2V, and, as for 
the other structure, the life also showed 60 hours or more. 
[0088][Working example 3] In working example 2, set the 2nd layer to GaN 
which cm- 3 [ 1x10 18 /]-doped Si in the superlattice which constitutes the n side 
contact layer 12, and also. When the laser device which has the same structure 
as working example 2 was produced, the laser device which has the 
characteristic almost equivalent to working example 2 was obtained. 
[0089][Working example 4] In working example 1 , set the 2nd buffer layer 1 12 to 
GaN which cm- 3 [ 1x10 17 /]-doped Si, and grow up it 4 micrometers, and also. 
When the laser device which has the same structure as working example 1 was 
produced, it went up to threshold current density 2.9 kA/cm 2 and the threshold 
voltage 4.5V, but the life showed 50 hours or more. 

[0090][Working example 5] The 1st layer that consists the n side contact layer 12 
of n type aluminumo.2Gao.8N which cm- 3 [ 2x10 19 /]-doped Si in working example 1 



is grown up by 60-A thickness, Then, the 2nd layer that consists of GaN which 
cm- 3 [ 1x10 19 /]-doped Si is grown up by 40-A thickness, this is repeated 
successively, and it is considered as the superstructure of 2 micrometers of the 
total thickness. And 0.4 micrometer of n side clad layers 14 are grown up by the 
n type aluminumo.2Gao.8N single which cm- 3 [ 1x10 19 /]-doped Si. When it was 
considered as the laser device which has the same structure as working 
example 1, it is threshold current density 3.2 kA/cm 2 and the threshold voltage 
4.8V, and, as for the other structure, the life also showed 30 hours or more. 
[0091] [Working example 6] As compared with working example 1, following (1) 
differs from (2), and also working example 6 is constituted like working example 
1. 

(1) Stop only TMG after buffer layer 11 growth, and raise temperature to 1050 **. 
If it becomes 1050 **, TMA, TMG, ammonia, and Silang will be used for material 
gas, The 1st layer that consists of n type aluminumo.2Gao.8N which cm- 3 [ 1x10 
19 /]-doped Si is grown up by 60-A thickness, then Silang and the 2nd layer that 
stops TMA and consists of undoped GaN are grown up by 40-A thickness, and 
1st layer + 2nd layer + 1st layer + 2nd layer + ... as -- superlattice layers are 
constituted, respectively the 1st layer is laminated to 500 layers, the 2nd layer is 



laminated alternately [ 500 layer ], and the n side contact layer 12 which consists 
of superlattice of 5 micrometers of the total thickness is formed. 
(2) Next, grow up the crack prevention layer 13 which consists of lno.1Gao.9N 
which cm- 3 [ 5x10 18 /]-doped Si like working example 1 by 500-A thickness. And 
temperature shall be 1050 ** and the n side clad layer 14 which consists of n 
type aluminumo.2Gao.8N which cm- 3 [ 5x10 18 /]-doped Si is grown up by 0.5 
micrometer of thickness using TMA, TMG, ammonia, and Silang. Let tops be a 
laser device of working example 1, and a laser device which has the same 
structure from the next n side clad layer 14. That is, in the basic structure of 
Table 1, the n side contact layer 12 and the p side clad layer 19 are used as 
superlattice, and the laser device which makes 150 A thickness of the p side 
contact layer 20 like working example 1 is produced. This laser device was 
threshold current density 3.2 kA/cm 2 and the threshold voltage 4.8V, 405-nm 
continuous oscillation was checked and the life also showed 30 hours or more. 
[0092]When the thickness of p side contact layer of the LD element of the 
structure of working example 6 is changed one by one, the relation between the 
thickness of the p side contact layer and the threshold voltage of an LD element 



is shown in drawing 3 . As for this, p side contact layers are A (10 A or less), B 
(10 A), C (30 A), and D from the left to order. 

DESCRIPTION OF DRAWINGS 

[Brief Description of the Drawings] 

[Drawing 1]lt is a type section figure showing the composition of the nitride 
semiconductor device (LED element) of Embodiment 1 concerning this invention. 
[Drawing 2] lt is a type section figure showing the composition of the nitride 
semiconductor device (LD element) of Embodiment 2 concerning this invention. 
[Drawing 3]lt is a graph which shows the thickness of p side contact layer in the 
LD element of working example 1 concerning this invention, and a relation with 
threshold voltage. 

[Drawing 4] lt is a type section figure of the LD element of working example 26 
concerning this invention. 
[Explanations of letters or numerals] 

1, 10 .... Substrate, 

2, 11 .... Buffer layer 

3, 12 .... n side contact layer, 



13 .... Crack prevention layer, 

14 .... N side clad layer (superlattice layers), 

15 .... The n side light guide layer, 

4, 16 .... Active layer, 

17 .... Cap layer 

18 .... The p side light guide layer, 

5, 19 .... P side clad layer (superlattice layers), 

6, 20 .... p side contact layer, 

7, 21 .... p electrode, 

8, 22 .... p pad electrode, 

9, 23 .... n electrode, 

24 .... n pad electrode, 

25 .... Insulator layer, 
101 .... GaN board, 

112 ....The 2nd buffer layer, 

113 .... The 3rd buffer layer. 
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[0014] *^tc«a^i~^3©S{b%¥»#^ 

^U^Tfeivv S/c, MfB^ 1 3 ©g{btl¥ 

^7 7^raig©c®±^ffM^sj;^fc 

LTtxkv^U MIB^ 1 ~m 3 ©S{kt)¥#f*«?tt. 
30 +f77^7a«©Cffi±^S i £F-7°LfcG aNl§ 
JtM^^fcft. t77Y7SWSL/cG aNlSl 
3£'M£LTfe<£l\, MfaH l ~H 3 ©S{t#J 

otti^U I n G a NfSoTfe «fcV\ tufHH 1 ~ 

m 3 ©iftwifrift^^T, twa p mm* m 
i^o Mia® i ~n 3 (Dmim^fom^teis^T, me 

SttP^g LT, A 1 £^t?S{t«»#:J: 5 ^S pfJJ 
* + -y 7°«^# L, ^© p M* W «fc D fe S'ftiBfr 
40 ?>gltifcfuB{c, MiBpM^>y7mDfc^yF^> 
•y 7 0 x^;^^-fr/J^^ ^ p fflJ^'T S J: 5 

[0 0 15] Sfc, *|g0j3©® l~^3©S{ttl¥#{* 
m?^43V^T, M^Inx Gai-x N (0^X 
S 1 ) fr5>%£SI 1 ©jit, A 1 y G a i-Y N (0^ 
Y^K X = Y^0) frS^SH 2 ©jg £%mM?&£ 
tte&Qmi&fr&t. -1SA1, Cai-i N> Rtf 

In* G a i-x NTfgSnSSffcW^yf^ajeElffiO 

50 §MT^§o CtUuJ;^ S{tW#f*^f*©igBl'[4 
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f^is^ l e Dm^xt* i vm^&zM&iaZs v 
mmom i 3 ©^{twsf**?^, £ e, 

t\ ftfE® 1 ©JBtfS I nx G a i-x N (0^X< 
PSAh Ga.-. N (0<Y<1) T'iJMI 

[ooi6] *mm<Dm i ~® 3 (Dmitwmfo io 

±M©«fc5fc^ 7 0AJKT?&3<:*:;&W£LW>V $ 

e> im s L<a4o a jKTtaa^r * 0 $ fc, 

tffiE® l ©S, Rtf® 2 ©«©£iJSJi l 0 AElhic 
II?tt<^-3fcAh Ga.-v N(0<Y^1) 

^-©®*g^f ^iMt-sig i © 

[0017] $fc, *wmm\~mz(Dmm¥mfc 
ym&m^ mpm^y$thm(DMm*5oo my 

iplny^^ h«©§i)?©TPSfct IpSny^n 

[0 0 18] £/c, mttt£%l<Drtv7 

Tm*&j&u *(o±.tcimo. 1 m m&jxDWim* 

*fj*5ft«l20^'y77i*Mlt, ^2©-K 

<fcl\ MIEIl2/^y7 7jl£«f £/ci6fc, Mfaifl2 
©/^y7 7M©WMIS*)\ MiSnM^y^ hjf ^ 

[0019] *%0^fe^r, sira^^ra 

m4km. 4BE ^6A|, l6Bi(clf«nW 

1A, IBS, 2 Ai, 2 B^ica-rsp^ 



^ Jg 1 ©Mfc® 2©Mfc^> F^> >y 7°x*;^- 
£ <k o T, p SMb^^#:«iiJ(c@^S^ffM L fc 

may hmT&zMfaTmzwtitrz 

y F^> >y :/x*/l/i£*-tf Ki^teMft D > ^> F^> -y 
7°x*/i/^-©*#v^©M©WfeM£*t < f s 

[0 0 2 0] 

[|gH)3©^#6©^tl] OT, Hffi*#fl8UT*^»<:« 

a^lil©±(<:, GaNiDS:§^777l2, Si 
F^/*nlG aN^SaSnffln:/*? h/g3, 1£— g 
?#F«jg© InGaNi D^SrSttli 4 , SWclM 

D*5pI777Fl5, Mg F^/*GaNJ;!3ft5p 
fjny^ h/g6 fctfJg£i|SW3tt-tV* L E Dig^T? 
fe§„ M£iU ©MtW#ftil?J£*5^T, 
p%ay^^> hjg6^B©«{££gfc:&i, jt^tt©^® 
MS 7 ^HM2ft> ^SMS 7 £Dil!iia#yf^ 
fflOpli8W5htfe^ i^KpMay^^ Y 
M 6 <t Dg{ttl¥Sf*)l©-gP^x-y^ymsuTg 
tfj $ tlfc n {PJJ 3 y $ ^ Y m 2 ©OTfc n 9 tfSlt 

[0 0 2 1] llT\ ^ffimi 1 ©g{t^^#4**? 
tt, p ^PfW^I t LTM g F— 7°L/c I nx G 

a.-x N (0^X^ 1) J;D*SHij?3 Ot^XF 
n-A (A) ©Hl©M^> I^U< pWFffflfatLXM 

g%mi(Dmtmm-?Y~7LtcpmA u Ga.-. 

N (OSY^l) <fct)*SMJ¥3 o^-y^xhP-A© 

^ 2 ©m ^^«M?nfcsm?)i^«$n/cfg^fiia 

ffi%#fSpffl*5y FiB5^4l^TV^©7:\ V f% 
fg < tf t S o c©£^ p ff^JiSct- S ±1 
Mg, Zn, Cd, B e^©p^M £ l%^ 1 © 
M> Rt>VX«m2©M^F-7°LTp^©OT^# 

1 • • - ^L<i^2+^l+^2- ■ - ©JUT? t>m 

[0022] e«?M%*^-rss{i:!»^ift± d 

4«llOlStfi2 0m, InxGai-x N (0 
^X^l) <J:Dft3Mfttf A 1 y Gai-v N (0^Y 
^1) J:5ft«Mf<:lfi£Sn«t>ltT?ttft<, St^cffl 
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fc, l (DM 2 (DM h(D?Vs F^> <y 7°x^;^- 

©Minx Ga!-« N (O^X^ 1) f^fiScU II 
2©Jf^A 1 v G a i-v N (0< 1 ) t?*tj£f3 
Sg 2 CDM(D^> F^> >y 7°x^/]/^— ft^vf |g 1 <7) 
liDWKSS^ SlOMlnx Gai-x N 
(O^X^ 1) "ttfllJSU m2(DM% I nz A 1 i-z 

n (o<z^o tg i<Dmtm2<Dmt 

mmtim%%tf^> F^> >y 7x*/^-^-©±f 10 
£t>&t>#S„ £fc^ lcDM^Alv Gai-Y N (0 
^Y^l) T«U ^2©I^In z Al,- Z N 

(o<z^d •vmj&tturi, mmicmi(Dmtm2(D 

/B, f!2©ji©N (») ^Sr-gPAs, P^©V^jn« 

[0023] ^mm^&^r, fm?m%mf8fr&% 1 

©M> 2 ©Jg©§iJ*«> l 0 0^-y^'XhD-AJ;D 
©Wfct8£'f£<:i:#<i?$U\, Sfc, HOE ffi 

2 ©jBowoTisa^fciiBSsn-f i m¥m&L±T*3b 

ft&&\,\ Jgi©js, Jg2 

M£&\ 5 o oty^x hP-AJiU:©fliJ¥©7^y F 

jiX@±, Mil©®, 
Jg2©JB©§ij|iii, l o*v?xhv-k&*)m<&%. 

[0024] hi tc^-r^asj^js i oiftwi^i 50 
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m 4 twM&AMT»$>% pm^>$ z vmetiDm^B 

F^> -y 7x*;l/#-*?g 
ttJS <fc D feA* < t5»$5» MM%W*X«:, 
A 1 N, A 1 G a N, I n A 1 N#©A 1 fr&tS&AtM 
*mfti)\ i&mktf&iy F*> -y 7°x*/l/^£# 

-rs©T% ^^uy^ciAfePtLTcns©]!^^ 

Sn^o LfrU fifcfc©£?fc:A 1 GaN¥-^-j?Ii^ 
fiScM^S ^ISIUtg^ 7 ^ >y 7^A D WHiJt^ 

[0025] *^t?«, m^m^m 1 © 

JS> &.tf|g2©jl©ft©'>&< £fc-#;&4>&< i:feA 
1 *£#g{fci»¥«Mfc ^UliAlv Gai-. N 

( o < y ^ i ) *»tt$*iisiHToi8l"efjs Lrm 

W&m%mi$fr&z. tlc&V, 7 9 v 7 ©4>fc WEHTfc 
ISII14©m^^gX-/B^MffM^ L^t^y F# 

3 Steffi L<fcJu SlOlia 1 ^^ftV^ft^ 

«{*J1^ i o otyn h o-iJKTOISS'PJJII?^ 

a i *^&mim*mfo&*)%:?>m2CDMZj&m 

*-&SIR©^y7rMi:LTfef^fflU ®2©il^79 
y^*XDfc< <-TS 0 ^©fci6® l ©/ii;^2©^^ 
LT fe7 7 >y 7©^V^^'S© «fcV^®«?«*Jg 

^t?t« 0 fct, xmtmt&i-vit. m^s^i n 

x Ga.-x N (O^X^l) fr5*S®10JB (^2 
©«) fcAh Gai-v N (O^Y^K X^Y = 
0) frt>-&&m2<DM (^1©M) tt&Zt&tff&L 

[0026] tzrc, *mm&m 1 ©^{t^^m^^ 

1 ©M&tfH2©JS©rt© / >*< ^fe-7a©Mf<:«, 
fc, ^l©ili:®2©jli:^p§y©^M^F-7 0 -rs 

mi<Dmtm2(Dmt-z:m%%m]g-?}t~7°T& 

ZZIC, mi(DmtWi2<Dmt(D/Vyh*^^>y7° 
3L*fr#—&m&&m&t£lt, *y F^> y 7x^;V^ 
-^At%M©7a^IS^t-«c^^MSL^o 

W% F- 7°t- S , F- if y 7^<: <fc S a??i)M{c «fc 

?M^#:©fS^fi^fgT^^« c fctf-?* S^C-efe 
So o©J;^^, ^l©Pii, ^2©P© 

L, ®1©JBn H2©M©t/^ , ti^-7j^^M E l%^F- 
7°LTfeav^ 0 

[0 0 2 7] ftfe, ^ 1 ©ilS:tJ J ^2©jlf<: F-7°*tl 
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pgFmVSVmft, 1X10 16 /cm 3 -1X10 
22 /cm 3 ^OTL<lilxio' 7 /cm 3 
-1X10 21 /cm\|t^l<ttixi0 18 
/cm 3 ~2xi0 2 ° /cm 3 ©HBH^P^fSC i: 
#M$tA\, lxio 16 /cm 3 J;H'>^tV 
f, HfiI*£E*ffiT$-&aS&M*^^nic< <, lxi 
0 22 /cm 3 J;Dfe^t^/S^?Sc0lgH B Hl4^M<* 

* ffiinjfc & s e> r & § o sftn gy^Mti *> ^tt©iEB 

[0 0 2 8] LfrL&ftSP,, *?8B~Clt, fflfc?mic 10 
tt, HI l (DMRZfWi 2 ©/BfcS^fc^^S^lflB&tf 
F-7°£ tlT < T t> «fc V\ d ©/MW K- 7°£ ft 
&^ifif&?JBfciU n ^fcW#Wf M^r ^ft^'S 
SfcS!RfcOHt<:fetfS^ , fftOM'e«oTt>«J:<^ - 

7/ p^{^¥#f*iiM^$>fta\ ^-vurfflUjA 

i6S 0£Mi;&tf>]f) SStt«fc©Hf<:feltS^-fft 

[0029] &L-t<D£5imi£-$tircmfe?mte. as i 

©S, 2 ©Jf£#1£S&pg^T©§ijik: trig 

n, is H B H tt^fe^ K)Ws.^^. t^<, mm<r) K-/fi 
cntaot, nm.m\m^mw-m, pm 

&<»T'fS0T% Sif&?«Be*#L«:V^pS!X»n 

[o o 3 o] tie or. *^«tl i ©S{t^#f*«/ 30 
(LEDif) rift f&fc <K^&MM&r¥«Mfc»* 
#3 c ^ ^Hur $, o /c p mm ( p ( p 

mt^y KM 5 t p^ny^7 KJf 6 £fr£>&£il 
r, f£p§^9>y KS5©gtaft£ffi< , rsz:i:fc:«fc 

d> v f %<a<-rscfctf-zf*«o pmrntwa 

#^ftfc^trfe, nitw#fti:j;^t, a 
nmmtf 2 «jeu:b^o ^-©fc* p m^m^m* p 

SW^flMT 3 c «fc D , ^//ir«2ftfc P m 40 
M ^Si6 r ffigiafc: ?&c.t&T*%, V f © fg/ l^f 

tciift^o pmm^a%m%fcib&mtLr, P m 
r, 7mzm=£^% utiozt) pMomt®¥mfc*ft 

S!f SKflSA^SftrvS (#1^2 5 4 0 7 9 1 

^) o LfrU pM©^fb^¥#fW#p>ftfc^i^r 

fc^©gJfcfHft • cmimM. ?cT\ C© 
p ^ p M©^//B 2rfS<i£fc:<fc9 *eJH£tf a < 

$3Lr, lflJJK±{a<-rse:fc^*, Vf©f£T£4i: 50 



f#P§ 2003-101 160 
12 

[0031] $fc, #^#SJ£tg i r«, MiE©^^ 

£L< 1 ©if (|g2©jg) £ I nx G a i-x N 
(O^X^l) fcU Ifl2©/B 1 y G 

ai- v N (O^Y^K X^Y = 0) nfjjScTS £ £ 
«fc / f£ B B B tt©J;^7^y ?(D%:^mfc?m%l&l8fr 

[0 0 3 2] a^AUXM^ffiSL/c#|^$g^ 
t?£^n£S^ * ft fcfifcftffl t ^ JttJ Lrm 

iC#!9¥8 - 2 2 8 0 4 8^£^jgLfc 0 C©g|Tl«?g 

*fJ6(Dytlx%im£LX A 1 G a N, GaN, InGaN 

S*f@Ii:Lr^)l@i^JFM^S©r\ ^©#jg©MJi^ 
A/4n (n:S{b^#f*©M?/T^ A : M) r^ 

lt$ft«fcfeii^tj?v\ ^or^MIl©^Ili¥^#S 
S*K#JKT©WPtt&v» 0 Sfc, USP 5, 1 4 
6, 4 6 5^{Cttrg'|4H^A 1 x G a i-x N/A h 
G a i-Y NiDftS5 9-r«//c«}i©U— IfKf? 
^fHic^ftrv^o d©S^feM^t|W|^A 1 Ga 
N/A 1 G aN%^^>~ tLXimZ^Zfcmc, 
©BI1¥ ; &J¥< L&^fttf&S&^o *5.(CA 1 GaN© 
<fc 5 &lRV^¥3tft*^9 >y 7% LfcfeilS fea/g^- ^ c ^ 

attest 

[0033] -7/ ^Sfi^ras^ii^fig'ra 

^7ji:fe l 0 0/^^xhn-A«Ti:^IiJ?OT^ 

is^-rso ) trfeD, MKS^^ttMSSo *^r 

8&H*ftJfflU HSft1£%lRl±5"eT, Vf^fg/^4±T 

[0 0 3 4] ^SfC, #^¥5- 1 10 13 8, 
5-1 1013 Q^m^tmm^k INtGaNtZ 

ntjn Lr a i y Ga,-. N©sieft%#*^tfia** 

nt^So ^©Sffx«, 0f^©iiSit©A h Ga 

giJfcDA IN, Ga N*iitSSiffe^t*%lfi© 
Sl^^tiM^So L*^t> I nGaN«fcD*S?S1S«*W 

Lri^&^©r\ gfe?it^77^^ADW\ $ 

/c, 6-21511^ 6-268257 

VUG aNt I n G aN, gL<tt I n G aNfc I n G 

■?)is\T- p «Bfi©^3^?««i hk* tir v ^ a o *mmv 

[0 0 3 5] SF.IC*»MiInGaN«J;9 

ft, y^ 1 ) Amiftft^ft^Sffii 
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tcm*.&m$K, m.fe?<D%]mmmimti%o i n g 

a HfffiM&rty F^> y :/x*;l/;£-aVhS < £ftf» 
I n x G a i-x Nfc, A 1 » G a i-» N<fc<9%&SS 
jg £;^y F#> >y 7°x*/^-M. HSf^M^ t < T? 

fctfnfc3tiB DjA&ji uriif^r * (^fis^si 2 ©s 

{fcWSftiS^jIffl) o SStc I n G a N«ISH©44 
Ktfffi©A lGaNOi^SAl ^fr^ltf^if*^ 10 
Jt^THSSfr^©^ I nGaN%mzmt?%£, M 

So ifcAl GaN(?)i941WiMigttIfct 
« £:> ^-cD|g B B B cDl4M^iSv^/ci6^IS B B H ^{*tc ? 9 -y 2 

[0036] zzicpm^yzz bm<DmB%5 o o# 

5 tefitoSWRQ • caJK±t>a&« pMffc%¥H(MI© 20 

mm, mBtfi&TtZo ztcpmrnfr ti&m 

[0037] p^l/cj;^^ *mm<DBmi<D 
mim^mfom^xiz, pmt^y fs s^mivrnt 

f*<a<^*So 30 

[0 0 3 8] KlO^Bl 1 p ffl(J? ^ >y KH 5 

\z.fflfc?m*R^Tct)\ *mmizztiimt>~f, pin 

MM (IE?L) ^X^tiSpf[J=iy^^hS6fef?iJ 
Minx Gai-x Ni*)&^$ 1 ©JB£> A 1 v G 

9 £: LT, l ©I©;^y F*> >y 7X*;^-^H 2 
©H J: 0 fe/h£v^§-a\ ^y F^> >y 7x^/P^-^/jx 
Sl/Mnx Ga.-x N«fc D^SSIl ©M%gOTfct 40 

oT> p MS ® SA^otf/hS < * D LV*- 5 
-y 7^l#5>tiS 0 chtt;^ F^> >y 7°x^;b^-^/js 

1/ ^ Sftiftf^NfftS asm C n-^f vHSIrJ * ^e. •Pfc 

So sfc. *mmxiz, pmmitm^mitmmmi^ ± 

M© pdJ7 5 >y KMRtf plny^^ hlgEW© pii 

[0039] &L±<Dmm&m i -ett p t 9 v m 5 50 



f#P§ 2003-101 160 
14 

3^^H3$a«?iJ:t8m ma, s 

K Ge|©n 1 ©JBRtf/Xa® 2 ©g 

£?S1Ug4 tOPlCniny^^ bM3£LXl&f8fr& 
zttfXZZo c©«#, #(cn^ny^^ h/g3£^ 

[0 0 4 0] tft« % ^y F^> ^7X^/1/^— ©A* 

©cfc^^HEMT (High-Electron-Mobil ity-Transisto 
r) ^M«G/cftffl^milL/c?ijm*«^nSo nS 
ffift^ K-7£n/c^y F^> 7 7°©*$l^ l ©S 
(®2©JB) t, /^m^WSV^^K-^ 
{ ( u n d o p e ) ; ECK ffil* K-7°$tlTl^ 

^m^ryF-7fci^} ©Jg2©ii (®i©») t 

7 y F-7°©/i^©^rn^^MT\ ^y F^> <y 7 
x*;l/#-©*£&MMtf SSffc U ^y F^> >y 7°x 
*/V3^©/.hS&g{|J©J?£ ( l o o^-y^x h d— 

c©^7nS?^X*V^y F^-V >y 7°x^;V^-©/h$ 

ftjiiHteTftso^ S?*^fff« ttfc^tfilftte <fc 

[0 0 4 1] $fc, *^tfe^T, n^gfttl^f* 

m^m^mthxi>^\ l*^u n§ya{t^¥«{* 

£\ +-¥U7^G}Ai6jli:LT©nM7 9-y FM> 

[0 0 4 2] c©J;^t, e*£?Jg£?gffiB 4 1 
t©m© n SSfIS»^NWWB1S«t<:fc»^S^ ^ 
?M^«^S0 l ©«> ^ 2 ©Mtctt^M^ F-7 

g*< TfeSv^„ §€%^tftw#sry F-7°-e 
^"rs«^fcfev»Tt>±ao<fc5^ ^1©S> ^2© 

JBfcS G Ge^nMMF-yLT, ^M^lfl 

[0 0 4 3] ^±©i^^ S«?«*nSSfI:!»^NI 
^«M^^ffMLfc^©^ima, S^S* p ilft 
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{t^¥#f*ls?©±Jt-&, ii^n§y, pio^t'jrEBi; 

jAi6)ltt. S'ft® £ t> t>^> F^> >y 7x*;l/#— tf* 
tl^A 1 G a NTfttSSttSo A 1 G a N iilSi.fiScM^ 
L < , fl| yPMMl? 0 . 5 /x m^±©§IJ? 

< J&SlSgtf &«„ LfrLft^e>, *SSW<D<fc -5 fc^ 1 
©Mi:, ®20«t%#tt^*l®^JKTOJ»*"?f««L 

nssttoav^fe©3^&nsfe^ ^#^sij?©j?<^ io 

§ So ^©fc^{*©Sfb^«{*©l§r B tt^& < & o 
Si, Ge ©W^ F^7°LT, 

wmmmmftr < a £ ? k&s fcjgfctu nfi^ 

[0 0 4 4] CCD^-MC 

f*©¥±5)Ay F^> >y :/x*;l/#-#EH$Jg <fc D 

[0045] mmmm2. *fmz%z&wm 
2 teo^ruswrso 02a, *^tf^«^ffi^ii2 

©Mt^¥#ffcjR?©#§^^t1I^ft»Tm0 

1 o±fc, n^gfl^¥$*fWgflg« (n{Pjj3 77 7 hJg 
1 2, Ir^vZffiikmi 3, nffl^vKJBl 4fttfn 
IWFIl 5fr£ft3o ) fcpMffc ! fe¥3*tttfll£ 
*y 7°)f 1 7 , p MfttM FJf 1 8 , p M7 5 >y F 
£ 1 9RtfpM3^^^ hM2 0*^6ftSo ) ttCcfco 

[0 0 4 6] *#«fi 2 ©MM6f¥*#iR? 

tt, n SMfcWaiWBf^fcfctt a n fjJ7 ^ >y F/B l 
its pM7 5 >y FJI l 9 £@f&?«T*J&j£f 3 c fcfc «t 

ffiffyli 2 ©gft^^ift^fco^'rf^Bfcii^'rSo 

[0 0 4 7] C©^j^ji2©g{fc#¥^i^f<:43^ 
Tift 2;1\ HlO±i:;Vv7 7ll l^lg2(D/^y 
77/11 1 2%^Unl3^^Ml 2jK<MS 
ft, JBienfny^^ Ml l 2_h£, 7^y7Pyjit! 

13, nl^77 FJB 1 4 Rtf n fjJ^^V F/B 1 5 
/ISftT, nllftft^tftlS^^MStiSo i& 50 
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7 9 vtffiikm l 3 ©MMfcRffiSftfc n §Jn7£ 7 h 

m 1 2o^®{ca^n€n, n{Pjjny7 7 h® i 2 

- 5 y 7 ffl&? S n 2 3*<M?^ IS n fflffgS 

•y FlS^MSn§„ fl/tv nlWF115± 

M?S14/B l 6 ±fc N -y 7°® l 7 , pfjTt^V F/g 1 
8, pi^7«yKIl 9Stfpfflij3y^7 hM2 o*MX 

P M=i>^7 h®2 o±te^pflfny#* hS2 0 

t 5 >y 7 jgw-r a p wmm 21 ft, mp m 

0i;piiJ7^-y FMl 9cD±gPi:fc«fcoT, nffififafc 
m < ff fc»«® U -y S^tf*!^ * n. ^ V v i?B%& 
^"TSeifcfcioT, 1 6 fcfel^ 7^D^fS77 

(x h ^7«©Mffi) icsit&^riRr^HsnfcSiB 
[0048] mmftm2<Dmim¥mfom^<D& 
©f-a, re, km^Mtt^yr-cr, ^©ffi> x 

(M g A 1 2 0 4 ) ©ck^^lfi&ffi©SIS©ffi, 

SIC (6H, 4H, 3C^tt?) , ZnS, ZnO, 
G a A s , GaNf£D^lftl»^LM^* 

•So 

[0 0 4 9] (y^y 77)11 1) ;Vy77ll Hi, M 
1 N, G a N, A 1 G a N, InGaNf^90 

0 v&TF^nm^M^^r, mmm-t*y?x b n- 

1 Hi, S^^S{b»*fti:©^?S^iE^^-r 

sfefete^-rs^ sft%¥*»©^^??^ s«© 

[0 0 5 0] (® 2©/^'y7T)I 1 1 2) ?|2 0;^y7 
rill 1 2 it, mM^yyrM 1 l ©±^, mt&^vy 
r Ji<fc D feft?M^fiScS^-&fc^|g^©Mb^«^± D 
*SMT*S»3, ;Vy77)li iJ;Dtffai^W^ao c 
©|g2©;^y7 7Ml l 2ti^{c/5Scg$^anfjJrjy^ 
7 FJH l 2 <fc D fe nS^ ! fWia*^&V'»Jlfc'rs^ 
^L< ttnM^I®»* F-7°L*^Mtt)¥«#:il, J? 
IKttG aNilil^ai:, ^2©/^77il 1 2© 

ia H B B i4^m< ^fe^fs L<an m^mmttr y f 

-7©G a N fclfe^WI^iftTOM 
f# 5> ft a o ^*© <fc 5 fcMWfcJftSf a n 13 y Z 7 

^ai©^ tt3Bfttt3&^ < ft sjaiRitc * * o c ©fc i6isn 
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i/^2 0;Vy7Tll l 2 c *x * 

fcJ&gS'&SCfctf'efrSo £©fg2©/^y:7 7/Sl 1 
2 coaij?^, 0 . 1 /x mJK±, $ 5> fcjf S L < 0 . 5 
/x mJK±^ Sfe$f £ L < i£ 1 ft mKl, 20|i mJKTfc: 
iIt5i:t^llU\ H2©/</77 7Ji 1 1 2^ 10 
0. l (imiHi^i:, ^M^itfi©7vt^n§y=3y 

So £fc2 0 (imiDfe^t $2©;Vv77ll 1 



:20/^77ll 1 2flWWt< U 



l2fD;Vy77i 1 1 2 rtTfjEtfo T\ If R^fcifiV* U 20 

a, sscGaN, s i </ znom<Dmw\iMU*m 

[0 0 5 1] (nl3^^Ml2) nl^y^^f 

jBtf&tK 0. 2/xmJ^_L 4 /tmJKTfciffiSf SCi: 
#M£LV\, 0. 2iHii^, &T?MS*J&£f 

M@rrs©^itL</ 4 iimBLttcr&t^ma 

(DBWxm£h'&-tfM<%;%m.fate&&o coning 30 
* FS 1 2©g{t«*{*^ F-^TS n^W$J©fB 
Httixio 17 /cm 3 ~ixi0 21 /cm 3 ©IE 
H, J^icffJKtt lxio 18 /cm 3 ~ixi 
0 19 /cm 3 fcSltSi:t««aSU\ 1X10 
17 /cm 3 iH'J^l/^ntiOiffStjfSU^ 

- ^ v t-hmztite < < &«©t\ w+f'*/T«rjfi 

®fc m©fg/^Mi6-T\ lxio 21 /cm 3 J;i9 
iS/g{*©U-^Mi^#<&o/cD, S 

S3o Sfcnlny^f^Ml 2ttl>t{i, ni§2 40 

n >/ * h/g i 2 i; r JiS*±if s^iufiiftoiifi 

l/^o &*5, nffJJny^^hPl 2iiSitGaN, S i 

c . z n o ^©#mi4»«^^ffl Lmummm^MMm 

[0 0 5 2] I2®^777il / Rtfnffl[f3 

y&thMl 2©|*[©4>&< fcfe— 7j©Jg£> /S^?® 
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ttl2 0^9 77l 1 1 cfcDfefliJi^PV^niiJny^^ 
Ml20MI§flJ:n„ niny^^Mi2 
%n.W£rt> F^> >y 7°x^-;l/^— tfg&S^ 1 ©H £ 

i^it L < tt/^y F#> >y 7°x*/l^-©/h£& 

I^iffi*«nlg2 3Mt^i:^(a^ nl 

12 3 ^©fgMgK^fg< T>zmm*{&T2&&ztt) <i 

■?# So &*5 n M{fc%¥$ft L V^- 5 <y ^7 
#bWnIi2 3^8^LtSJ:Al, Ti, W, S 
i , Z n , S n , In ^©^Sg L < W£ tl 

[0053] $7/ nm^y^thmi 2*7fmmm 
m*i&<x%, LD«/©gi{fim, mm*i&<?&z 

[0 0 5 4] (*7y*&ikfll 3) *^y*KrihSl 
3 MAfcT, Si^5xio' 8 /cm 3 K-7°L7c 
I no. i Gao., Nfr^&tK 5 0 0t> 

/xhn-A©Sij?^-rSo c©*9*y*Kfih«i 3 
» I n £^£?nM©MWWSf*. &St<iiInGa 
N%i£M'$'&Xfcj8fr%t£lc&K>. *t<D±ic&i$-$ti 
SA 1 ^&ltt¥#ftI^fi:^7'^tfASO^ 

10 0*^Xh D-AJ^±, 0 . 5 /x mOT©OT? 

5 fcWVfctWE© <k -5 * 9 >y ^Kiki: LTftffl Lie < 
<Z 0. 5 /tm<fcDt>J¥^fc, iSHgf*^s^§|t|^ 

^7c«^)tM$^SnfJJ^^>y FB 1 4*S^»fc 

[0 0 5 5] ( n MSfS^Pfr BS5n 9 >y FH 1 
4) n»77 FS«, M^.«S i^5x 1 0 18 /c 
m 3 F— 7°LfcnMA 1 0. 2GaO. 8N^P>*?), 

y F-/©G aNiD^O, 2 0t>^'XFn-A©I 

&t>> ^T-M^-^O. 5 /xm©Mj? ^ftSo d©n 

/©jf^A 1 ^t?S{ttJ¥#f*. ^KfiAlGa 

^^UT^UJA^jg^JtM-etSo c©n§k J ^^>y F 
Ml 4ii^-©g{t^«#:^)tM^-&Sci:feT?tS 
S^iB tf&tt&lr'ry 5 ©*^|g H s B 'l4© «fc ^ 
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[0 0 5 6] ( n WfttfJ KM 1 5 ) n WtXJ YM 1 
5tt, mtf, Si^5Xl0 18 /cm 3 F-7°Lfc 
nlGaNWS;^ 0. 1 jjm©I)|^ftS 0 C© 
n ffliJfttfV K« 6 it, S'ffiB©^^V FS LTfFffl 
U GaN, InGaNMgJtTMt^CJl^l 
£L<, M# 1 0 O^-y^XhD-^—5 (im, 
ffJL<ii2 0 0/y^XhP-A- 1 /xmcDMjf^ 

CCO^VKUl 5t> 

fj^-y ksi 4%®«^Mtcra«#^ io 

j£1-£S{t^W*!i©¥i^&^y F^> >y yx^/V 

a, m i oymikxsm 2 ©jb©4>& < t fe-^rtc n 

<:©WFii5(t 7yF-7°©Sf[:«i{* 

wnm l < » r y f- 7<Dm<tw*mmmm intern 

[0 0 5 7] (?g1£JB 1 6) EHSJB 1 6 fflfctf, S 
1^8X1 0 18 /cm 3 -pF-7°LfcIno. 2 Ga 
o.s N<fcD&?K 2 5^-y^X hP-A©§t»¥£:^rr 20 
S#FH/ Si^8Xl0 18 /cm 3 F-7°L/cI 
no. 05 IGao. 95 N<£D%D, 50t>^Xb 

£D> ^©J^fffc^f 3^fiS^#F*85g (MQW) 

r-^-rSo s-H-m 6W5^th> ffpi, Pfss^ 

^JC^fiM** F-/LT , V^tl^-^fc F-7° 
?#F*l&fct-S»#tett&'f >sy F*> -y 7°x*;I/^ 

Eg'J^n^o #F/f©J¥£tt, ioo^-y^xhn-A 

L<«u 5 O^y^XhP-AOTfcfSo SISJBOJP 
Sttl 5 0tyy*XFP-AK/ £?$L<«:1 OOt 
yyxFP-AKT^ IWf$L<{i7 0ty^XFn 

[0 0 5 8] (pM^VVfm 1 7) ptJ^-V .v7°jf 1 
7 ifrffiM 16±H/^ F^> >y 7°x^;U^-^tv 
*V\ i^tf, Mg^ixio 20 /cm 3 K-7°L/c 40 
pSiAlo. 3 Ga.., NiD4D, fljilS, 200 

fc iSi:UtfiV\ pllWrfy^il 7©H0«;O. 
1 /imKT, JP.(c^L<{i5 0 0ty7*XFn-i. 
«T> gt>Jff£L,<»3 OOtyy'XFP-AKTiili 
M^So 0. 1 iimkVm^BJ^-ei&MZ&Zt, pffiij 
+ ^ \v7°m 7*^9 .v^AD^/f fSUft 50 
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©&V^{fc«#ftM«KLfc:< V^^TffeSo S 
fc. pM4 1 ^y7 0 J§ 1 7©W*V 0. ljimJK-hT?* 

>y 7°/B l 7^F y <fc 0 SKfit? * & < & s p> 

5^ ±ibfci^c5 0 0ty^'XFn-AK/ 2 

p>(c«3 o o^y^xFP-AJ^T^^rr sc^ftw 

[0 0 5 9] $fc, pi^7 7°I17tat LDlf 
^®LW<-rSfc46^ A 1 ©IMi-b^At^A 1 
GaN^ffl^tMt^tJ-^WSK, lAlGaN 
^KMtSi, LDi?«ilW<§5„ MS. 
it, YffitfO. 2JK±©A1* Gai-7 NT*2&ftfcf5 

0 0 b O^AWTKiitS C ttfiS 

1 o^y^x hP-A^±©aij?^ffMf a^ns 

[0 0 6 0] ( p Mytfi* FH 1 8 ) p {KfttfY FIB 1 

8 tt, ?%y F^> >y 7x^/4^-^ p >y 7°M l 7 
<fcD*>'h£V\ fflfcfcf, Mg^ixio 20 /cm 3 F 
-7°LfcpMG aNiDftD, 0. 1 /jmCli^t 
So ^©pfjjTbyZFUl 8 S14JI1 6CWF 
mtLX\mL, ndlfttf/FMl 5t|W|i;< G a N, 

I n G aNfjSSSttMtSC i:^MSLV\ S 

7 7M<5-.LTfc{ / FfflU 1 0 0^-y^X FP-i^-5 /t 
m, S5fcgF£L<a:2 0 O^y^XhP— A~l |im 

LTf^ffl-TSo cOpIM^ FM«jl^ttMg^©p 

§y^Mti^ f-t°lt p^©#^t-rs*v mc^m 

^F-7°L^<Tfem^o 443, C©pfJ^VFS 
\tm 1 ©JfRtf^ 2 ©M©^>^ < t fe-7a p M^Mtl 

*K-^Lrt><fc^u SfcryF-7i?feS^o 

[0 0 6 1] (p{9J7^>y FH 1 9=®^/H) pfj7 

9 w FB 1 9 it, fflM& Mg^lxiO 20 /cm 3 
F-7°Lfcp^A 1 o. 2 Gao. s N <k t) * 5 . 

it, 2 0^y^7.Yu-h(omM^t^\(omh, 

i^Mg^l x l 0 20 /cm 3 F-ZL/c p§^G a 
NJ:D*D, 2 0^ f P-i,C!UI%tt3^ 2 

©M t * tl/cS^/iS^ 5. * 3 o d © p fjj 

7^-y F.Ji 1 9 it, nMZ^v FM 1 4 tm^<*^V 

Tmvm>mhhx{mu mfcpmmvmmwsrf 

S'&SfefeOSfcLTf^ffl'rSo COp»77 FS 1 

9©Jlilit>#ti:|fi£L&v^ i oo^-y^xhP-A 

2/imJJ(T, *6{CffSL<tt5 0 0^-y^XF 

[0 0 6 2] ( P fjjny^7 FM2 o) pWny^ F 
MZQit, piij7^-yFHl 9©±£<y MXit, Mg% 
2X10 2 ° /cm 3 F-7°L/cp§yG aNiD^D. 
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mxit, 1 5 o#y^xhP— A©«!£**trso £© 

pffiijny** OH pSk 1 © I n x A 1 y G a i-x 
— y N (O^X, O^Y, X + Y^l) IffllJSfSCi: 
tft?^ j?JL<«, ±M©<£5fc:Mg;&F-7°LfcG 

ft6^#e.na 0 s^tpW^y** hso^j&s o o 

X^n-iKT, SfcjffSlXte^OOtfy^XhD- 

<fc 5tefi£t*tf»0 • c mJgUifefcS pS^fc^^ff* 10 
jf ©Stiffs 0 otfy^xhu-AOTfciBrf set 

•esc 

[0 0 6 3] pdJPy** hi! 2 0 

#JcAy F#> y 7x*;l/#-tfa&:S® 1 ©Si: 
^2<Djg£;&fi^iU ^1+^2+^1+^2+- • • 
b^v £vlcWBLX^%, iit;^F^t7^ 20 
/^-^^^©M^ffffiTS^^-f 3 2y pffii 

2 1 tsf^tv^-^y^ftfi^enso pii2i 

VtfmtLXli, fflMf N K Pd, Ni/Auf^f 

[0 0 6 4] $fc, ^Ml2f(i, H2fC^j;-5 

JfftjfO^MfcS i 0 2 £0&£ieH§t2 5«J 

2 1 fcS&ftfcS8&£*ifcp>W FUSS 2 2, RtfnW 
g2 3 fcgflKSttfcn/W F®K2 4tfJgj£2ft«o C 30 

fcft\ pMSM^^+^-^+rVy^ ^+#+rV 
>^tS«fc5teU -7an;+y Fli2 4(in|S2 
3©IWu&B5itf 3 0 

[0065] &L±commBm2(om<m^m^m^it, 
m 1 ©/§> mm 2 ©M£#^*fs^+©§im<: l 
t %m s titdffl&m v > sn-a© .j; ^ p §y * ^ > y 
fsi 9^fixrv^o cwaot, *mM&M2(D 
mttmtmfrm&t, p w* 5 v fjb 1 9 ©jffii^, 
s^sig*# P m* * v vmicsmLT 1 mm 40 

setoffs, 

[0 0 6 6] gfc, *HffifFM2c7)g{l:t)¥#f*m?T 
HpilAlY Gai-Y N^*t&pl^77 FM 1 9f£ 
LT-, A> F^> >y 7°X*/^-©/h£^Mttmi 
ft*pl3^^M2 0kL^ ^©31^5 0 0^ 
y*XFP-AJ*T^«KffMt-£c^f;:J; } + USt^J 

tpniny** bmzocD^^vrmmti^<^ r )pm 

3ffi*ffi<3"«e: ndJpy** j. 50 n J 
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-up 



©fS^f^ 



t?£3o £?i:L<«:, S2ffl;^77ll 12(D±(ci 
MStfS ninny** hjgfcjSte^fc'r.Sfc. «7j[bI© 

[0 0 6 7] 2^JfiJ^J|2©LDi(f?Tftt I n G 

aN^^i, 4>&< ^fe^y^*^^-g-i?S{ttf^« 

ft^SHSSl 6fc#AS*&tca^ InxGai-x N 

^ aiy g a i-Y NttfxmcmmznrcM^m 

pM**-yFSl9) fcLTffli^cfcWSU\ c 

ttJgS©ffiH^fi©A lGaNOi^iAl ^tsWC 
m¥Mfofckk<rmt>fr^<D'£\ I n G a N^tt/B^ 

f s t, mmL tc^m\tm^m^m±mn * 5 v * # a 

[0 0 6 8] #^^2©£"5£M?#FM§^Prr 
1 6 §Wt5 ^/V'Nf DilO^if (0 

*Mf^ ^©ffiftli 6{c^LT, gfiii 6iH;^ 
F^> >y 7°x*/^-^At t« 0 . l mJWT©£ 
<fc DftSpllfrt <y 7°/f 1 7 , L < it A 
1 £^£?g{fc%¥##<fc 0 pM++ -y 7® 1 7 
tt, *•© p + -y 7°/i l 7 <fc 0 *> 5 «tn/cffi 
Wfc, p -y 7°M l 7 <fc 0 1> ^y F^> >y *x^;P 

piW FS l 8 *tait, ^© 
+ FJS l 8 <fc D ferg'ffiljb^Bin/'cffiBfc, pfjj^+ 
F® l 8 X 5 t> Ay F^+ >y 7°^7vt ^Sfbti^f*, 

frr s pM* * >y f/b i 9 c i: L 

\<\ L^fe piij++^y7°)l 1 7©^yK^t7 7°x^l/ 
t>\ (D p -y 7°® l 7 ^ffijhStiTffl CjAi6 e> 

©i;-*SM^4>&<&3o 

[0 0 6 9] JL*±c0^ffl^M2CDMb^«f*«+^ 

n 1 6 tt> e>T© n mm 



i+ (ml, mfim?mi±pmMimf$&zm$it** 

t LX(D p ffiij* * -y FJi 1 9 ^ffM L> 

A a nii2 3 ffmLrcnwL&xm 
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tUOn^77 FS 1 4 fct/TJftSf StfctfiR?© 

$fc, ^ffimi2©«/^tl©#ttl5c3. LEDl?i: 
JIM^tSCfcttV^S^t)*^ (fe/cU LEDif 

[0070] J^h©£?fcp$£nfc^^tg2©Mfc 
£H£U fflfctf, SfSf?HI<WT\ 4 0 0°CiU±, MS. 

t*7 o o°c-er--uy^w^^^3bW*L<, 10 
[0071] ^M^I62©M:1&¥#fl*?"e 

pM@2 1 tfX F^/^JfM^fL C©pM2 1 

<Dnmxv$tr bmmmvmg^miz niS2 3 3iaw- 

[0 0 7 2] 2^aj0gJfi2Tftt, U -y^gB (X h 

fiStLTfc <fcl\, 

[0 0 7 3] £©£?&£> ^^tfev^T, 

ftoyymrtV F*> -y /x^/l^-^ft/I «fc r> fe^t 
[0 0 7 4] 

fcft, jfcf&fcSKL&tf^ S4S©SK3 1 0 5 0°Ci:7? 

5 1 0t$7T(f, 4^U7#XfC7j<ifl, TO^fXfcr 
(N H 3 ) tTMG (MM^ktf'J^iO t 

3ffll\ S«l 0_LfcG aNJ:D4SSl©;Vy77l 
1 13^12 0 0^y^XFP-A©Jl)?«S£-£3o 
[0 0 7 5]/Vy77llllSM TMG©&lB6 

t\ ?MiS3 1 0 5 0 o C^X±n^^^> o 1 0 5 0°CfC& 

v\ ^turifii x 1 o 18 /cm 3 ©TyK-7°Ga 

Ni*)7^§l2£D^7 7 7l 1 1 23:5 p m©§tJ?^Jt 
IM5„ |2£D^777l(iInx Alv Gai-x 50 
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— y n (o^x, o^y, x+y^i) -eflijs-e*, ^©ffi 

Al (Yffi) #0. 1ST©A1, Gai-y N, Mfe 
^SL<B7yF-7°«GaNfct5o IW, 105 

OtT?TMG. 7yt-7, M^xtci/^y^ 

(S iH< ) »\ S i^ixio" /cm 3 F~7° 
Lfcn^G aNiO&^nfJny^ Fj8 1 23 1 \im 
OHT^S?t5, c©nfjny^ hM 1 2tt@£ 

[0 0 7 6] St3 8 0 Otfcl/t". HCMXfC 

TMG, TMI (f'J^W^A) , 7^- 

r> ^g»j5fxfc^5y^fx%Mv\ s 135x10 

18 /cm 3 K-7°t/c I no. , Ga,, N£D%£ 
*9y*KfifcJB 13350 o^-y^x bn-A©§|©^ 
Jti5$4i:So ^LTMfi^rl 0 5 Ot^LT, TMA, 

tmg, ry^—r, y^yftx%m\ s 135x1 

0 1S /cm 3 K-7XfcnSiA 1 0. 2 Ga» « N<t 
D%£HU©/B3 2 O^-y/Xhn-A©B10^fi$ 
f^T, TMA. ^y3lt#\ 7yF-7°GaN 
£D%3lg2©ji3 2 O^y^XFD-ixCSUI'PjSg 
£-e3o ir LT\ C©^3^n^m 0 0®^DjM 
U ISfllj? 0 . 4 /x m©^/Jl J; t) % S n fflfl* 9 >y F 
If 1 4 3J?ScM$4i:«o 

[0 0 7 7] fl^T, 1 0 5 0°C£S i 35 X 1 o' S 
/cm 3 F^LftnSGaNiDftSn {Ut£#V FJB 1 

530. i iim(Dmi$-?mmz&%o TMG, T 

MK 77*-7, S^^fcffll^TlSffiB 1 63J&52 
t?„ S'&Jgl 6tt?Mfi3 8 0 OtfC&JJLT, S 
138X1 0 18 /cm 3 -t?F-7X/c I no. 2 Ga 
o.s N J;^*S74 1 Fil3 2 5^y7/hP-A©IiJ? 
^J75cM$-&So *:TM I ©^/W£3^{fc£-e3©*-£ 
i«i-iaar% s 1 3 8 x 1 o 18 /cm 3 F-7L/c I n 

Gao. 99 N<£D&3PSJi3 5 
HP-AOOTTf^S-eSo c©Sf^3 2®^DM 
G, Stifc#F«3««Lfcl£Jifn 7 5^-y/xhn 

-AOflK^Pii (MQW) ©Tg'SMl 6 3jt^ 
$4JSo 

[0 0 7 8] ^{C, rSJt3 1 0 5 0°Cfc:_hW\ H^^X 
IlTMGx TMA, 77t-7, WifXICCpe M 
g (^p^y^yx-/Vx-^>7A) 3MV\ S« 
Set t> fe^y F*> -y 7x^;^-^/t < , M g 3 l 
xio 20 /cm 3 F-7°Lfcp^A 1 o. , G a o. ? 
NJ;!y*SpiiJ+-¥«y7 0 jll 733 OO^XFn- 
A©IIj?T-)tM$4i:S 0 iH/^T, 1 0 5 0°C?\ 
^> y 7°x*/l^--^ p{PjJ^-V 7 7*11 7 <fc t) 
l\Mg3lxi0 2 ° /cm 3 F-7G/cp§yG aNi 
D p mytffJ F« 1 8 3 0 . 1 \i m©S10T?)tM$ 

[0 0 7 9] IH^T, TMA, TMG, 7>t-7^ C 
p 2 Mg3fflV\ 1 0 5 0°C"?Mg3 1 x 1 0 20 /cm 
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3 K-7°L/cpSJA 1 o. 2 Gao.s NiD%§$l 
©M^2 0/y/Xhn-A©§tj?TJtM£^/ Ml^T 
TMA©7^it#K Mg^lxiO 20 /cm 3 F-7°L 

0H D M U 0 . 4/i m©S^?lS «k D *S p M 

FJB 1 9*^f«o 1 0 5 0°CT\ p 

fJJ^9-y F® 1 9 0i£, Mg^2 x 1 0 2 ° /cm 3 F 
-/L/cpMG aN±»3ft«pl3^^ h/g2 Ofcl 
5 0*yyxhn-A®^)¥TJ&g£-&3o 10 
[0 0 8 0] SfS^Tfi, &g;&^i:T/«\ ££JC 
S^HH^cf, ^x-^aEgggfttefe^T, 7 00 

§ 0 r--/m 7x-^^S^§#§^5?XDm 
U Btete^T.kSfc, RI EggtcJ;Da±Ji©pffl!I 
3>-^7 hJ!2 0 fc, p»77F119^^l7f> 
^LT, 4 /im©Xh9^7°II^W^SU^/ff^^^ 

o 

[0 0 8 l ] V v /^ffifc * ^ffM U B2ic 

LT> nlny^^Ml 2 ©^S^Sffi^^o 
p 1 jn y £ $r h m 2 0 ©X h 7°U -y ^S^fflOKi* 
£®JcN i£Au«fct>&3pBffi2 l^ffMf So - 
77, T i £A 1 J;D^«nIi2 3*Xh7^^K©n 

[0 0 8 2] MZ, H2 fc^-r«fc5tepSft2 1 / n 

*®2 3 t©Htej|ttiLfea{l:!»^3WMI©aMteS i 

0 2 & *)~&Z>fflMWk2 5»llv C©IMI§t2 5^/f 
LTpWffi2 1 fcSSCfcffc&SILfcp^ F®S2 2, 
Rtfn;VyKli2 4%)g)Sn. JK-h® <k 5 LT, 30 
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U ^V/^yFW^iJ^ffl^T, 
LT^%lMPJJ©^7/Y7S*l £9-yk°y/U 
©J?2£r5 0 (imWSo 9-ytfy^fl, SStOffifrV 

[0083] iwii, fflmmmzx?7'f7Lx, 
Wffifc^jgffi^f^n-rso ^jgffiffltcs i 02 i:Tio 

&?jftT\ ^-^®rLTU-^<y7tLfco 

v 7^7 x-X7 >y 7 («* £t~hisy?£ Wttfa L 

^ -v- I'yfV y 9 it, £ST u-if SJlfciWc t 

SSfcfc^T, HffiMM^fi 2 . 9 k A/cm 2 , 
HHiSJE 4 . 4 V T\ JilMft 4 0 5 n mOjffiK^gtf 

[0 0 8 4] (JtKMD S2®;^7Tl 1 1 

2*j&gS-*H\ S6Cnl3^^Ml2^Si§ 
lxio" /cm 3 F-ZLfcn^G /tm 
JfcgS-fr, n»5y FH 1 4^S i & 1 x 1 0 19 / 
cm 3 F-7°LfcnMA 1 0. 2 G a 0. , N#— TO. 
4/imJ&g£-&, pl^77HI19^Mg*lxi0 
20 /m 3 F-7°L/cp^A 1 0. 2 Gao.s N^— 
TO. 4 jimSSSt, JCtpla^^ h®2 0£ 
Mg^2xi0 2 ° /cm 3 F-7°Lfc#— ©p^G aN 

vmttmco 1% vrnxmrnt it, h i t^f* 5 

[0 0 8 5] 

[Hi] 



(15) #P#12 0 0 3- 1 0 1 1 6 0 

27 28 





1 0 • 


■ - 






1 1 • 


■ • G a N 


2 0 OA 


lawns 


1 2 • 


"Si ^n^GaN 
Si; 1 x l 0 ''/cm 3 


5 jtira 




1 3 ■ 


'-Si F — ZfriM. I nD.lGaO.9N 
Si: 5 X 1 0 ' Vcm 3 


5 0 OA 




1 4 - 


■■Si H — ^n^A 1 0. 2GaO, 8N 
Si : 5 x l 0 1 Vcia a 


0 . 5 u m 




1 5 v 


* S i F"/ni!GaN 
Si: 5 x l 0 ,( Vcm a 


Q r 1 /i m 


*B-IB(HQW) 16" 
(Mil 7 5 A) 


4 S i F-yi nO ZGaO 8N 
S i F— nD. OlGaO. 95N 
Si : 8 X 1 0 1 */cjd 3 


2 s A 
5 OA 




17 • ■ 


• Mg K-^p^A lOJGaOJN 
Mg: 1 x 1 0 a( Vcm 3 


3 0 OA 




18 — 


• Mg K-^plGaN 
Mg: 1 x 1 0 2 Vcm 3 


0. 1 




19-- 


■ Mg F-:/p^A 1 0. 2GaO. 8N 
Mg: l X l o a VW 


0 , 5 # ra 




2 0 - 


■ Me MpIGaN 
Mg: 2 X l O^Vcin 3 


0. 2 fiat 



[0086] ccD&vizmf&L tcummo u~*rm^ 
a, mmmmm&i k a /cm 2 -esKssBtfa^ssnfc 

[oo87] mmm 2 ] ^sim 1 ic&^r, n tjn y 

^^M12^ Si^2xi0" /cm 3 K-7°L/c 
n^Alo.os Gao.95 NiDS:§$l©I?:3 

Offiil¥^S* > &T^ Cft^lDIt, ISfllj? 1 . 2 /x 30 

a 2. 7 k A/cm/ HfgMi±4. 2Vt\ f^^6 0 

[0088] mmm 3 ] ^mm 2 k^t, n y 

i^ixio' 8 /cm 3 K-r/LfcGaNfcTSffiW:, 
^fflM 2 fc »fsK?fcfNH tfc fc 

U^tltcc 40 
[0 0 8 9] [^SSM 4 ] ^SIM l fcfei^T, % 2 
7 771 1 1 2*, S i % 1 x 1 0 17 /cm 3 K-7°L 
fcGaNfcLT, 4 /i mj£g£-&Sflfifci\ lW*Jlfc^ 

8K!B£2. 9 k A/cm 2 „ |IMJ±4. 5VfC±#Lfc 
2)\ ^frfci 5 OHfr^/^Lfco 
[0 0 9 0] 5 ] ^ffiffl l fcfcl^T, n ffiijn y 

Z?hMl2^ Si^2xi0" /cm 3 K-7°L/c 
nlAU. 2 Gao.s Nek 1 6 0* 

>/Xhn-A©aijf^JtS^^ fct^T, Si^ix 50 



10 1S /cm 3 K-^L7cGaN<fcD*S^2 0ji^4 

o/y/xhn-A©ai)?^)tM$^T, mk^n^u 

DSSU H8B8lp2/tmO««?IBii: , r*o *UT, n 
7 >y K.H l 4 £ S i * l x i o 1 9 /cm 3 K-7L 
7cn§k J Alo. 2 Gao.s T?0. 4^tm)SS^ 

u~*rm^ tLtctcz, mmwM^s. 3 . 2 k a /cm 

/Co 

[0 0 9 1] BSSfifll 6 ] f«J 6 IWJ 1 fci±« 
LT, OT© (1), (2) tfS&Sflfifci, ^ffiffll 

(1) rtyyrNl lJ&g&, TMGcD*ih46T, i&fi 
*1 0 5 0'C$?J^2'ftSo 1 0 5 0°Ci^ofcP>, 
Jf^TJCTMA, TMG, 

l\ Si^ixio" /cm 3 F-7°Lfcn^A 1 
0.2 Gao.s Ni54S^10l*6Oty^h 
n-A©^jPT*figM$-&, i!^r, ->7X TMA^ih 
i6T>K-7°©G aNJ:0*alg2cDM^4 0^>^X 

m\m+m2m+ ■ • ■ t^o &oicmfe?m*mi& 

L> Ztl^t&S 1 ®/S^5 0 Ojg> ^2©)i^5 0 0M 
SSteSUi eMJ? 5 /x m^SIS/ J; D ^§ n fjn y 

(2) ^{C, HM'Jl fcf^^LT. S 1^5X10 

18 /cm 3 K-7L7cIno. i G a o. 9 NJ:D*a 
7^y7Klt/gl 3^5 0 0t^Xhn-i\©IJ|-f 
^jS^-&a o ^LT, 1 0 5 0°Cf<:LT, TM 

a, tmg, yy^-T, i/jyi&mw s 1^5x1 

0 1S /cm 3 F-7°Lfcn^A 1 0. 2 Gao.s N<£ 



(16) 



29 



D &S nffl* 7 y KM 1 4 * 0 . 5 p mOBUrej&gS 
4±§ 0 ft®, nffl^^Fll 4*^±tt, Sfl&ffll© 

f f)Ii©S*i®tt'^r, nfjjny^ hM l 2. 
R tf p dJ7 9 v KM l 9 £S*g/ £ U p H3 > * ? h 
12 0 ©JljJ ^fif&M i ©<fc^{c l 5 otyyxhn- 

WM^M3. 2 k A/cm 2 , HMEE4. 8 VT\ 4 0 
5 nm©3SK£igjWSgS*U 3 0WX±^ 

Lfco 10 
[0 0 9 2] £5>f£, ^MM6©^5i©LD^©pilJ 
n>W hMcofllJTOg^HLfc^ *<DpM3>* 

Tfrfo <:n«pl3y?^H*\ fefrSJEteA do 
^y^xhn-XJKT) , B do^-y^xhn- 
iO , C (3 Ot^XhP-W , D (1 5 0t>^ 
XhP-A, s E (5 0 0^-y^xhn- 

A) „ F (0. 2/jm) , G (0. 5/jm) , H (0. 
8 Jim) ©i^Oiiiffi^l/Tl^o CCOglfc^-r 

£•5^ pM^ym? HJB©OTtf5 o oty^xha 20 

pfiijny^^ 0©HIj?«5 0 Ot^xhn-A 
«T> S * L < a 3 0 0 h n-AOTT- 

Ofci^lJl^ 2jlC/M}fi<) \zt&2>h, TSPtDp 
>y KM l 9 ©^gtfSffi LT < £ fc#>, p 

fe^o ^l/WS, #&!8©LDjR?'Cfci:©f&?£* 

fUcflTFLTVSo 30 

[0 0 9 3] (JtKffil 2 ) * 1 ©«J5ic© U-tf^fc *S 
t^T, n 107 77F11 4^S i^l x 1 0" /cm 3 
K-7°LfcnMA 1 0. 2 Gao a NJ;D%£lglcD 
M^l 8 O/y/XhP-Acoitg^jtiSS-l/ fc<^T 

r^F-^oG aN«fc?)fts^2 0ii% 1 2 o^y/x 

fc-TSo OS t)^ l cdM^H 2coMco§|j?;&j?< LfcM 

fi6. 5 k A/cm 2 -eat&gjgtffilgStU HfifSEE«< 
7. 5Vl?feofco KiSCtDU-ifmTim-frXWftX 40 

[0 0 9 4] [^IffiM 7 ] ^ffiM 6 fCfel^T, p 5 
7FI19^Mg^lxi0 2 ° /cm 3 K— 7°LfcA 1 
0.2 Gao. 8 N. 6 Q*y#7> h P-2»<fc D 
lOJit, Mg^lxiO 20 /cm 3 K-7°L/cpMG 
aN, 4 0^->^7xhP-Aj;D^§ll2(DM^^©M 
L fcigJUJ? 0 . 5 /x m©sm/P3t i: f ZWiiMtim 6 

t ^© w vmttttmt So o $ d , 6 cd p 
§j^^-y km 1 $*wm?%nm-mnwmz^2>m 
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2 0Bf^±©##^LfCo 
[0 0 9 5] [^fiSM8] ^MM7ic43V^T, S^fCn 
1^77FI14^Si^lxi0 19 /cm 3 K-7L 
fcn^Alo. 2 Gao 8 ISU 6 O^y^XhP-^ 
£D%3lglcDM/ Si^ixio" /cm 3 K-7° 
Lfcn^GaN. 4 

M^«ML/c«?0. 5 /zmCDS^/ifji^lTSfltl 
tt^SSMTfcl^iBiOU-lflR^^fNR-rSo o£/ * 
ffiM6©n(PjJny^7 hM 1 2. pM79>yKMl 9fc 
mZ-Xnmt^v KM^@m?^LfcU-^'«/«, n 
MM 6 ^«f£^CD#14^4f LTl/c 0 

[0096] mmm9] mmni^&^r, m2<D^ 

777ii i 2%s$mz : &?te, miK.7ji?&5tz, % 

l©M777ll l©_hfC, ltSnMPy^7 hM 1 2 
fcttSi^lxio" /cm 3 K-7°Lfcn^GaN 

m^5 iimmmim% 0 ^(Dimt, ii«i 

fcfei^T, nl^77 KM 1 4^2 0^-y^XhP-A 
©Si (1X10 19 /cm 3 ) K-7n^Alo2 G 
ao. s N iO&^S l ©M^> 2 0^-y^xhP-A 

mmo. 4 fim<Dm.fe?wmt*f%o sstcpM^^ 

•y KI 1 9 % 2 0 1 > b O - ACM g (1X10 
20 /cm 3 ) K-7°pMAlo2 Gao. 8 N <t 0% 
5^101^ 2 O^-y^X hP-AOMg (1X10 
20 /cm 3 ) F-^pSGaN«fct)3S:S®20Jli:*«( 
MLT&SISIIj?0. 4 /xmOS^/lljiii'rSo SB 
{C$/cpMPy^7 hM2 0*atMl©J:5lL 1 5 0 
^XfO^OMg (2X10 2 ° /cm 3 ) K-7° 
plJG aN^LfctC6. HM^S3. 3 k A/cm 
2 T\ 4 0 5 nm©BtS28jgtf»g3*u HffiSJ±« 
5 . 0 V , ^ fe 3 0 HfWfiU:^ L /c 0 

[0097] tiiii o] ^Bfifflgtefcivr, n» 

5 -y KM 1 4 OS^^fll^fS^ 2 (DM*. S i « 1 
xio" /cm 3 K-7°LfcG aN^-TSffia, 
9 fc^SlOU-- •flff?%f^H'rSo OS Dxsy K^> y 
7x^;^-©7v^^73©M^. S K-7VS 

[0 0 9 8] [ilil 1] ^fiSM9^fel^T, n» 
5 -y KM 1 4 fcflljSTS^ 2 (DM%, Si^ixio 
19 /cm 3 K-7°LfcnMl no. oi Ga». 91 N 
tt^ltffllic LT U— tfifcffcffcH-rSo OS D n 

tj7 ^ >y km i 4 oa^^D^-rs^ 2 <Dm<Dmi&* 

I nG aN^U H 1 F)MhW, 2 COM £ (b^WMWk&% 

[0 0 9 9] [^IMMl 2] ilM9i<:fc^T, niij7 
9>y KM 1 4 fcflfjSTS^ 1 COM (S i : 1 x l o 19 
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/cm 3 F-/A 1 o. 2 G a o. s N) ©flli?^ 60t 
^XhO-AfcU ^2®MS i § 1 x 1 0 19 / 
cm 3 F-7°Lfc4 O^y^XhP-AcDG aNtU IS 
B10O. 5 iim(DM&?Mmt?&o £5>fCp{SiJ7^y 
FJI 1 9 1 COM (M g : 1 x 1 0 20 /cm 

3 K-^A 1 o. 2 Gao. s N) (Dm&%6 0*y-7 
X hn-Ai:L, 0 2©ii (Mg : 1 x 1 0 20 /cm 3 
F— 7° : G a N) <D&m*4 Ot^XfD-AtU 
f&J§D¥ 0 . 5 /x m©®W^jgi:-rs 0 OlDn M7 9 
>y FS l 4%mj&&2>% lcDJi^f|2<7))i©F-7 0 ff;& 10 

Bg-r § & i com £ $ 2 © jb t <Dm&*^t s ■& s ffia. 

^ffiM 9tWat U—WPfcfEK L fc i: c 5 , H 
fit^t^fi 3.4k A /cm 2 T\ 4 0 5 n m0jg«58S8 
^SUS^fU i«(i5. 2 V. ^rrfe2 0W± 

[0 10 0] [Hffl^J 1 3] MM 1 1 fCfeVT^ nffilj 
^77Fil 4*»^"ra^2©» (GaN) ©Sil 

g^ixio" /cm 3 fc-rsfi&a^iBtwi i i tmmo 
mm^t^u~^m^imLtctc6, nnwi 1 20 

[0101] [iifj 1 4] USS^J 1 1 tfc^T, nffiij 
^77h*114*i^tSS2 0l (GaN) §7>F 

[0102] mmmi 5] iiM9^fc^/ n» 

77F114§Si^lxio' 9 /cm 3 F-7°L/cn 
^Alo. 2 Gao. 8 N<¥-— VO. 4(imil?'&§ 

a*«^(cfev^T, p mtv v 1 9 <D&*mm 1 

OA^Mg^l x 1 0 20 /cm 3 F-7°Lfcp^Al 
0.2 Gao. 8 N «fc D%S^ 1 2 0^7'7/F 

D-it Mg^ixio" /cm 3 F-7°Lfcp^G 
a NJ;D&a^2cDM2 0ty^XhO-AJ:A/S5 

7 7 hS2 O^HSt^J 1 (D&oiC 1 5 O^y^'XFP- 
A©Mg (2X10 2 ° /cm 3 ) F— 7°plJ G a N L 
TctCZ, ^U<KfIMr^S3. 4 k A/cm 2 T\ 4 
0 5 n m<DW088B&VmZtU mUMBit 5.1V, 40 
m-fate 2 0 Bf HJK±*^ t/io 

[0 10 3] KflSffll 6] ^ffi^ijl 5fc$S^T, pffiij 
7 5-yFI19 **lj#rSjBl&?«©§&J¥*SI l (DM 

(AI0.2 Gao.8 N) ^6 0t^Xhn-AJ: 
U ?g2©S (GaN) §4 0^XhP-AfcLt 
SWIU M¥0. 5 (im^nfW^Ill 4 

[0104] mmmi ^^ im$\$fc^x, pM7 

77FI19^Mg^lxi0 2 ° /cm 3 F-7°Lfcp 50 
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SJAlo. z Gao.8 N¥-tO. 4 /xmitS$4±S 

SalcSfiifcte^T^ nM7 9 <y FS 1 4 ©fc^fiSfll 1 
©<fc5fc:S i % 1 x 1 0 19 /cm 3 F-7°L/cnMA 1 
0.2 Gao .a N «fc 1 (DM. 2 0t>^XF 

P-A,/ r>F-7°©G aN<4;D%£lg2©ji2 0/ 

9(H 5 0ty^7hD-A©Mg (2X10 2 ° /cm 
3 ) K-^piGaNi:Lfti:c^ 1^ t; < HMSKtB 
S3. 5 k A /cm 2 T\ 4 0 5 n mOSKSSStfWgS 
*U mi«EBi 5 . 4 V, ^(il OBflfflfiUifc^L 

[0 10 5] [^fifiM 1 8] HffiM 1 7 fCfcl^T, nfllj 
7 9 -y FM 1 4 £ff fitf S®*§/M©§IJ?^!g 1 C0)g 

(Alo. 2 Gao.8 N) ^7 O^T-X F-P — ht 
U m2(Dm*S i £ 1 x 1 0 19 /cm 3 F-7°L/cI 
no. oi Ga«. S) N, 7 Oty^XFn-A^L 
Till, ISfllJf 0. 4 9 nmt?&mt%B6ffl 1 7 £ 

u-^m^mc 1 6 letter m 

[0 10 6] KSfiMl 9] HffiMl 7{u*3l^T, nf)J 
7^-y FS 1 4 ^^it1-S®^//icDlij?^^ 1 cd/I 

(Alo. 2 Gao.8 N) 1:6 O^y^'XhP-Ai: 
U ^2CDM (T>F-7°GaN) ^4 0^y7XhP 
-AfclTiiU iUIO. 5 /im/raffiti^ffiM 

1 6fc|^B!©U-tf|R? ; &#fcfcC^ ^ffi^'Jl 7fCl:b 

[0 10 7] [HffiM2 0] ^Ml9(cfcl>t, SSK: 
nTOVFll 5*ry^>*©GaNJ:DftSll 
CDS, 2 0*y^'XFP-Afc, T7-F— 7°cDIn 
o.i Gao. 9 N«fcD*S^2©ji, 2 0t^»®L 

So ^tUc^T, pM^/ F/l 1 8 fe7> F-7°© 
GaNiDSS^l ©H, 2 0tyy ? XFP-At 7 
yF-7°©I no. i Gao. . NJ: 5 2 (Dm, 

2 o*yff7.hu-i±t%mmLrt £ &mm&8 oot 

*«5tf<:feV^T, nfJ7t7>y KU4, nfEi)7 FJB 
1 5, pM^/ F/i l 8 , Rtfpf]79>y FM 1 9 t 

W&$\ 1 ©<fc-5{C 1 5 0^y7*X FP-AcDMg (2X 
1 0 20 /cm 3 ) F-7°pliG aNJ.Lf/c?, Hffl 
TOffifi 2 . 9 k A /cm 2 T\ 4 0 5 n mOB^SIBtf 
W^Stl, BHISJEEfi 4 . 4 V, ^itfe 6 0 l^fflJK±% 

[0108] imwm 2 1 ] ^mmimtm lOLEDi 
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S&SS&l ©±i£G a N±Dft5^777i2%2 0 
O^-y^X hU-A<7)fllJf-efiicM*^, ^TfS i^l 
xio 19 /cm 3 F-AftniGaNiO^n^ 

* hJB^ 5 n mOlginfjSgJ^ I n o. 4 G a 

[0 10 9] (pffitJS^JB) ^HUc 
LT> Mg^ixio 20 /cm 3 F-7°L/cp^Al 
0.2 Gao. 8 Ni045SlOM2 0t>^Xh 
P-i^fllJ^JtM*^ fc^TMg^: 1 x l 0 19 / 10 
cm 3 K-7°LfcpMG a NJ;D^«^2©jg^2 0^-^ 
h P-A©M)¥^SS^ tmm 0 . 4 /x m©j@ 

^7-yKl4iDilfe!ticl£LSt* 1 0 0^' 
Xhn-AJ^±, 2fimOT, ££tC$?$L<fc*5 0 0 

[0 110] mZ£<DpMf7V FM5 0±fcMg* 1 
xio 20 /cm 3 K-AftplGaNi%0. 5/tm 
©WT?J&gS"&So fiicMft, 9x-M*EJ£§«fr5 20 

ft, p§Jny£^hJg6 fjjfr £ x >y f- y ^ft 1 n WM 

So fi±M©pfflUn>#^ hJ!6©&t££®fc:JiJ¥2 0 
Ot^XhD^ON i -A u £D%3jt7£44©pM 

j e©^Baft7©±teAu«fcD*sp^ 

>y FIS8Wt§o SffiL/cnfJjny^ hM©i! 
fflfefeT i - A 1 i*3ft^nii9MMt^o 

[0 1 1 1] K±©J;5tLTii%Ml/fe , )iW\ 
^3 5 0 (/m^Of-y^aitLE DfS/i; Lfci: 30 

I f 2 0 mACfel/^ 5 2 0 n m^Ife^^ 
U VfB3. 2VT?36ofeo CtlfCftU pfJ^^y 
Fl5*f-©Mg^Alo.2 Gao. 8 NTH 
jStfeLEDjR^OV f 1*3. 4V?gof;„ JBKf 

[0 1 12] \MWfi\ 2 2] *jfcffl2 Ucfet^T, pfflfl 

* FS 5 £«j#rsi8*&?«^ m l 

5 Oty^'XFn-A^U It 2 ©Jg£:M g 1 x 1 0 

20 /cm 3 F-7°LfcGaN, 5 0*y^XFP-i*£ 40 

LT, ^tl^tl2 5®MJBU ISitJfO. 2 5 /xmcDS 

5, mmm2 1 ti${^isi^©#tt^#-r« l e di?^ 

[0 1 13] [HSI^J2 3] liefer pM 

AO^jf tLX, WmO. 2 5 /xm©S*g//rSffi 

imm^bxLEDm^&^mLfctcz, vf«3. 

4 ve*ofe*\ B»SW£Ea^©t>0«J: H20 %J^ 50 
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/finri/co 

[0 114] [^MM 2 4] ^ffiM2 1 tefc^T, nflU 

ny^ h®3^g«-es^ s i^2xio' 9 / 

cm 3 K-7°L/cn§k J A 1 o. 2 Gao. . N^D^fg 

i©1^6oty^'xFn-A, ryF-y©GaNJ; 
*9%£lEl2©/g;&4 o/y/x ha— 2>©JK£T»j&g3 
^tl^'tllf? 1 ©/g£5 0 01, 02©ii^5OOji 

|W[i;< I f 2 OmACU^ V f it 3. 1 VfcflTF 

u mmmmmmutmmLx 2 . 5{gix±^± 

LTco 

[0 1 15] mm 2 5] ^JttM2 3fcfe^T, pll 
^-y FJiSfcAUSTSgte?®® 1®« (A 1 o . 2 
Gao.8 N) ©Jlj¥^6 O^^Xbn^AtU ^ 

2<DM<Dm^4 oty^xFn-Aj^u, ^n^n 

[0 1 16] \MWM2 6] *^SIMtiH4{c^l>- 

&%t>\ M2 t^?£Z>t£ZlZ, S«l O^G aN<£D 
0 1 H2©/^y77 
Ml 1 2 W^tf nM^M^F-7Lfc^3 
©^777li l 3*j&gS-&TV3i:<:3t<:&3o c 
©H 4 fc^f U-lf jR^aJKTO^rffifc <fcoT#£>ti 

-So 

[0 117] $ft77^7l«±tM0 V P Effi, e 
KttHVPEM^/ Si£5X10 18 /cm 3 
F-7°LfcG aNMS3 0 0 jimTfJ&gS 
•9-7T/ra^^LTj?5 3 0 0 iimCDS i F-7 
G a NSS 1 0 1 %{fmt%o G a NS4S 1 0 Hi, d 

0iimJK±owzf^ms-&fc^ ^©aaa*^^ 

-TSCfciCfcoTfienSo GaNlSl0lB7>F 
-7-efe^USfcnM^M^F-7LTf^LT 
«>&V\, n§y^M^F-71-S±f^«}l^l x l 0 
17 /cm 3 ~ 1 x l 0 19 /cm 3 ©SBH^MtJ^ F- 

[0 118] G a Nil 1 0 1 frli, U&* 10 5 0 
°Cfc:LT, Si ^3 xio' 8 /cm 3 F-7b/cnSG 
aN±D4S$3 0;^77i 1 1 3^3 (im<DM0X 
J&g£-&3 0 4feH3^7 77ll 1 3ttHK 02 

MS^ffMt-«ifTii^v^©T\ z.z.X*\tuy*tt hjg 
£«:afc>f\ ^3©/^y77/f 1 1 3£l^ 0 SfeGa 
NISI 0 1 £f&3<DrtyyrM 1 1 3 h<Df^, W& 

m i tmmteLTi8MT»j$mz&z%i 1 o;^7ri* 
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3 0 Otfy^XhP-AfiTRc'TSCfctfMS 



a i 

[0 1 19] «3©^7 7 7l 1 1 3©±£, 
ffl 1 fc^fc S i * 5 x 1 0 18 /cm 3 K-7°L/c I n 

0 i Gao. 9 N«J:D&3*7V*B&jIJB1 3*5 0 
0^-y^'Xhn-^cDlIJ?^S^-t±«o S i* 
5X10 18 /cm 3 F-7°LfcnSA 1 o. 2 Ga 

o.s NiDSSil«l, 2 O^-y^'X hP-Ai:, 
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